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Preface 


This book deals with applications of psychology that have 
been made in industry. These applications are not limited to 
employee selection and placement. Industrial psychology has 
also been applied to the improvement of merit rating, reduction 
of accidents, solution of visual problems, increasing the accuracy 
of inspection, improvements in training methods, and the meas- 
urement and improvement of employee morale. 

The growth of interest in psychological methods during the 
past decade within such organizations as the American Manage- 
ment Association shows that psychology as a technology has been 
accepted as a tool of industrial management. This book covers 
the procedures and techniques that have been responsible for 
that acceptance. These techniques can be improved, of course. 
They will be improved as further industrial application of psy- 
chology points the way toward desirable modifications. But 
just as they are now, the industries that have given them a trial 
have not been disappointed in them. 

A considerable amount of the content of this book is based on 
research that has not previously been published. This work has 
been in the nature of codperative projects carried on by the 
Division of Education and Applied Psychology at Purdue Uni- 
versity and a number of industries. Practically all of the mate- 
rial on industrial vision and accidents, and a considerable amount 
of the material on individual differences, merit rating, and 
employee placement tests is presented here for the first time. 

The treatment of test application emphasizes the importance 
of the selection ratio—an emphasis first crystallized by H. C. 
Taylor and J. T. Russell of the Western Electric Company. 
Test programs conducted in terms of the principle have shown 
that a highly effective use of tests can be made even when no 
applicants are rejected for employment. The value of a testing 
program under such conditions has not always been recognized. 
To facilitate an understanding of the selection ratio among stu- 


dents and to make available to personnel men the use of this 
Vil 
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important procedure, the Taylor-Russell Tables have been repro- 
duced in Appendix B, pages 363-367, with the permission of 
Dr. Taylor. ; 

The writer is indebted to a number of persons and organiza- 
tions for assistance in this work. F. B. Knight, Director of the 
Division of Education and Applied Psychology at Purdue Uni- 
versity, has constantly encouraged and assisted the research in 
industrial psychology, R. J. Greenly, Professor of Trades and 
Industrial Education at Purdue University, has helped in numer- 
ous ways to apply psychology to industrial problems. The 
Bausch and Lomb Optical Company has assisted and supported 
research dealing with the construction and validation of a 
battery of vision tests adapted to the needs of industry. Hedwig 
S. Kuhn, M. D., furnished more than 9000 visual records from 
an industrial survey. Most of the vision research is based upon 
an analysis of these records. The joint committee on industrial 
vision of the American Medical Association and the American 
Academy of Ophthalmology and Otolaryngology has given valu- 
able counsel in connection with the vision research. The indus- 
trial vision committee of the American Optometric Association 
has also been enthusiastic in its interest and support. 

Among the many men in industry who have given helpful and 
sound counsel on the industrial applications of psychological 
methods the writer is particularly indebted to Yandell Cline 
and Paul Ortlieb, of Noblitt-Sparks Industries, Inc.; to I. P. 
Egan, of the Real Silk Hosiery Mills; to William Pope, of the | 
Bear Brand Hosiery Mills; to E. D. Stoetzel, W. E. Strong, and 
Ray Ganzer, of the Marathon Paper Company; and to F. J. 
Martin, of the Belden Manufacturing Company. 

Most of the research on industrial vision has been carried on 
in collaboration with 8. E. Wirt and Ray Reed, of the Bausch 
and Lomb Optical Company. Chapter 6, which deals with this 
subject, has been written in collaboration with Dr. Wirt. Col- 
laboration with H. B. Rogers, Associate Professor of Industrial 
Engineering at Purdue University, in research on the selection 
and training of industrial inspectors, has resulted in a relation- 
ship between psychology and industrial engineering that has 
broadened the horizon of applied psychology. The interest in 
industrial psychology constantly expressed by Dr. Lillian Gil- 
breth, Professor of Management at Purdue University, has been 
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a source of inspiration. Mr. G. A. Satter read and suggested 
certain changes in the appendix dealing with elementary sta- 
tistical procedures. Mr. Max Wastl, laboratory technician, 
constructed most of the apparatus used in instrumental research. 

To all of the above, to the numerous workers whose published 
research has been drawn upon in writing this book, and to the 
other persons in industry who have helped with various phases 
of the research in industrial psychology, the writer is happy to 
acknowledge his sincere appreciation. 

JOSEPH TIFFIN 
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The Signifieance of Individual 
Differences in Industry 


THE management of an expanding industry may obtain ten 
or a hundred or even a thousand new machines of a certain type 
with reasonable assurance that the new pieces of machinery will 
be identical in construction, equal in efficiency, and capable of 
uniform output. But to obtain an equal number of persons who 
are able to operate these machines with a satisfactory and uni- 
form degree of competence is quite another matter. Every fore- 
man knows that identical machines seldom deliver identical 
production when they are controlled by different operators. 
People are not alike by nature, training, education, or inclina- 
tion. A job may be done well by one, fairly well by another, 
and very poorly by a third. The job may be a source of great 
personal satisfaction to one, a monotonous and boring task to 
another, and entirely beyond the capacity of a third. Modern 
industry is becoming increasingly aware of the importance of 
placing on every job an individual who is not only able to do the 
job well but who, in addition, is temperamentally adapted to 
the job in question. The success of personnel placement depends 
upon placing every individual on a job that matches the capac- 
ity of the individual. If the job is too difficult, the result is 
confusion, low production, and possible injury either to the op- 
erator or the machine. If the job is too easy, the result is bore- 
dom, mind wandering, and daydreaming with the dissatisfaction 
that so often accompanies these activities. 

An individual is best adapted and is usually most satisfied— 
and this applies whether he is at work, at home, or on his vaca-. 
tion—when he has found an outlet for whatever energy, drive, 
and ability he may possess. If his job calls for abilities that he 
does not have and cannot develop, he continually experiences 
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the despair of failure. If, on the other hand, his job calls for 
only a fractional part of his ability, he is ikely to develop other 
means of self-expression which, at their best, may be daydream- 
ing or an unduly critical attitude and, at their worst, may be- 
come a definite and serious mental illness or disease. Energy 
not demanded by the job is usually released into some other 
channel. Too often the release of this “extra energy” is in a di- 
rection that not only fails to benefit either the employee or his 
employer but, on the contrary, is actually detrimental to the in- 
terests of one or both of these parties. 

Many investigations, both experimental and statistical, furnish 
the basis for the above statements. In 1928, Bills* reported a 
significant correlation between intelligence and difficulty of work 
being done by clerical workers. She noted that after the work- 
ers had been two and a half years on the job, the correlation ap- 
proximately doubled in amount. This she interpreted to mean — 
that with seniority comes a definite shifting of employees toward 
levels of job difficulty that match their ability. In another in- 
vestigation, Pond and Bills? found that labor turnover can be 
markedly reduced by a careful placement of employees in jobs 
of a difficulty commensurate with the ability of those employees. 
Low-ability employees—as revealed by mental tests at the time 
of employment—showed only half the turnover on certain sim- 
ple jobs as did high- ability employees assigned to the same jobs: 
On jobs more difficult in nature, exactly the opposite situation 
prevailed: the low-ability employees showed the largest turn- 
over and the high-ability employees the least. Standardized 
mental tests * reveal that on jobs of a repetitive, routine nature 
it is not uncommon to find negative correlations between pro- 
ductivity and mental ability. Such studies indicate the prac- 
tical importance of placing employees on jobs that match 
their ability. | 

Industry has long recognized the existence and importance of 


1M. A. Bills, “Relation of Mental Alertness Test Scores to Positions and 
Permanency in Company,” Journal of Applied Psychology, VII (1923), pp. 
154-156. 
_ 2 Millicent Pond and Marion A. Bills, “Intelligence and Clerical Jobs. Two 
Studies of Relation of Test Score to Job Held,” Personnel Journal, XII (1933), 
pp. 41-56. 

3 Joseph Tiffin and R. J. Greenly, “Employee Selection Tests for Electrical Fix- 
ture Assemblers and Radio Assemblers,” Journal of Applied Psychology, XXIII 
(1959), pp. 240-263. 
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individual differences in training and skill. Personnel mana- 
gers, in hiring tradesmen, make every effort to determine in ad- 
vance the degree of skill that the applicant possesses. But often 
employers do not so clearly recognize the fact. that differences in 
capacity for machine operation and other jobs that are ordinar- 
ily considered as unskilled or semiskilled are just as great and 
just as important as differences in skill among tradesmen. The 
significance to industry of individual differences among em- 
ployees is far more important than that of differences in skill 
already developed or of differences that can be detected in an 
interview. The concept of individual differences is concerned 
with basic differences in capacity which are of importance in. 
every phase of industrial personnel placement. 

Recent social legislation makes the consideration of individ- 
ual differences at the time of hiring more important than the 
placing of men and women on jobs that are neither above nor 
below their capacity to succeed. Ten years ago, any employee 
—new or old—could be dismissed whenever it became apparent 
to his supervisor that the employee’s services were rio longer ad- 
vantageous to the company. Often employees were tried out on 
several jobs over a period of months and were then dismissed as 
unsuited for any of the jobs available. Recent legislation has 
made it costly—and in some instances impossible—for industry 
to continue this procedure. Unemployment insurance premi- 
ums are paid at least partly by the employer, and the schedule 
of premiums is so adjusted in many states that the amount 
which an employer pays is proportional to the labor turnover 
of the company. Union contracts often make it difficult to dis- _ 
charge an employee after he has been employed for a specified 
period of time. In addition to legislation and employee pres- 
sure, an increasing sense of social obligation on the part of em- 
ployers themselves has tended to deter them from the arbitrary 
dismissal of their employees. For such reasons it has become 
more and more important for industry to evaluate the suitabil- 
ity of prospective employees before hiring. Differences in the 
suitability of applicants is a branch of the psychology of indi- 
vidual differences that, fortunately, has been quite thoroughly 
studied. To show the direct and practical application of thése 
studies in the field of personnel administration will be a major 
purpose of this book. 
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Several questions concerning individual differences have prob- 
ably already arisen in the mind of the reader. How great are 
individual differences? Are they large enough to be of prac- 
tical importance? Do they indicate more or less permanent 
characteristics? How are they affected by experience and/or 
training on the job? If employees were given equal experience, 
would not their individual differences largely disappear? Ques- 
tions of this type can be answered most satisfactorily by consid- 
eration and interpretation of statistical data and experiment. 


The Magnitude of Individual Differences 


Individual differences in productivity 


Figure 1 is a frequency distribution showing differences in 
productivity among thirty-six electrical-fixture assemblers who 
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Fig. 1—Distribution of quantity of production among 36 electrical fixture as-. 
semblers. 


were engaged in identical jobs. An incentive method of wage 
payment was in use and the best operator was earning slightly 
more than twice the average hourly wage of the poorest. oper- 
ator. The overhead to the company was identical for all the 
employees in this department, including the best and the poor- 
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est. Both used identical work layouts and assembling equip- 
ment. Both used identical amounts of space, heat, ight, and 
other overhead expenses. But the best employee, in delivering 
more than twice the production of the poorest employee, was 
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Fic. 2—Distribution of quantity of production among 33 employees engaged in 
an operation involving burning, twisting, and soldering the ends of insulated 
wire. 


therefore using only half as much overhead and capital expense 
per unit of production as the poorest employee. This fact makes 
it clear that as new employees are added to the department it is 
profitable not alone to the employees or to the management but 
both to the employees and the management, to obtain persons 
who are capable of attaining the higher levels of production. 

Figure 2 shows another distribution of the productivity of a 
group of operators on identical jobs (burning, twisting, and sol- 
dering) and utilizing identical investments in machinery and 
overhead. The distribution shows that the production obtained 
from the different identical sets of equipment varied in the ratio 
65:130, depending on the operator of the machine. 

Still more striking differences in productivity among a group 
of operators are shown in Figure 3. This distribution shows the 
production of 199 hosiery “loopers.” The looping operation in- 

volves the gathering together of the loops of thread (each over 
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a separate needle) at the bottom of a stocking after the garment 

is knit in order to close the opening left in the toe. Looping is a 

job calling for very careful and constant visual attention as well 
a high degree of skill in placing the loops on the separate 
30 
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Fig. 3—Distribution of quantity of production in looping hosiery for 199 em- 
ployees varying in experience from one month to five years. 
needles. Production on this job is ordinarily computed in 
terms of dozens of pairs looped per hour. Payment is on an 
incentive basis. 

Figure 3 shows a range of from .25 dozen pairs per hour (at 
the extreme left) to 7.00 dozen pairs per hour (at the extreme 
right). As might be expected, this great variation in produc- 
tion is due partly ‘to differences in experience on the job. How- 
ever, the fact that such differences do not account for all of the 
variability shown in Figure 3 is indicated by Figure 4, which 
shows a similar frequency distribution of production of 99 em- 
ployees who had had one year or more of experience on the loop- 
ing job. A careful analysis of the learning curve for looping 
shows that maximum production is reached after a year of ex- 
perience. It therefore seems reasonable to assume that the dif- 
ferences in production shown in Figure 4 cannot be explained 
in terms of the experience factor. Yet the variation in produc- 
tion is still from three dozen pairs to more than seven dozen 
pairs per hour. 

Differences in employee productivity of the type just dis- — 
cussed are usually consistent differences. The high-producing 
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employee at any one time tends to remain in the _ high- 
production level, and the less efficient operator tends to remain 
at approximately the same low level from week to week. This 
fact. is illustrated by the scattergram shown in Table I. This 
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Fic. 4—Distribution of quantity of production in looping hosiery for 99 em- 
ployees with one year or more of experience. 


table shows the relation between productivity for two successive 
weeks among 203 hosiery loopers. No marked shifts in pro- 
ductivity from one week to the other occurred. It is therefore 
clear that, given the production of any operator for the first 
week, a fairly accurate prediction of the production of that 
operator for the following week can be made. The coefficient 
of correlation * between the production of the first and second 
week computed from the scattergram in Table I was .96. 

These computations indicate that an employee’s production 
level is not something that fluctuates willy-nilly or that he 
changes daily, as he does his necktie or his shirt, but that his 
production level is rather a relatively fixed and permanent 
characteristic. 

Individual differences in productivity, then, are large enough 


4The meaning of a coefficient of correlation is explained in Appendix A, p. 353. 


8 INDIVIDUAL DIFFERENCES IN INDUSTRY 


TABLET 
ScATTERGRAM SHOWING CONSISTENCY OF PRODUCTION OF. 203 HosleRY LOOPERS 
The correlation between production for the twe weeks shown was .96 


Average dozens per hour (second week) 
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to warrant careful attention. This truth may be more easily 
understood if the fact, often lost sight of in the rush of industrial 
production, is kept in mind that differences in productivity of 
employees are basically and from a cost angle RAB m 
overhead expenses and capital investment. 


Individual differences in job qualifications 


Before employees have had an opportunity to reveal their 
differences in productivity on the job (that is, before they are 
hired) they will often, if given an opportunity, exhibit very 
great differences in qualifications for the job. A large manufac- 
turing industry recently examined 112 applicants for the job of 
machine-shop apprentice. Several tests were given to the ap- 
plicants, among which was the Technical Information in Ma- 
chine Shop Test of the Purdue Vocational Series.’ Figure 5 
shows that the scores on this test varied from five items correct 


5C. C. Stevason, H. G. McComb, and Joseph Tiffin, “Purdue Vocational Tests, 
Technical Information in Machine Shop,” Purdue University, 1940. This test is 
described briefly on p. 104. 
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to 125 items correct. All of the applicants either had taken 
high-school vocational courses, which presumably had prepared 
them in the technical aspects of machine-shop practice, or had 
had industrial experience as machinists’ helpers. In spite of 
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Fic. 5—Distribution of scores of 112 applicants on 130-item multiple-choice test 
covering technical information in machine shop practice. 
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Fig. 6—Distribution of scores of 104 applicants on 100-item multiple-choice test 
covering knowledge of practical electricity. 


these opportunities to learn the technical details of their craft, 
the test revealed enormous differences among the applicants in 
actual qualifications for the apprenticeship openings. 

A similar situation among applicants for electrical apprentice- 
ships is revealed in Figure 6. In this instance, the test covering 
Technical Information Related to Electricity of the Purdue Vo- 
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cational Series ° was used. Here again marked individual differ- 

ences in qualification for the apprenticeships were revealed. 
After finding the wide range in scores on the qualification tests 

described above, it was decided to administer the Otis Self Ad- 
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Fie. 7—Distribution of scores on Otis Self Administering Test of Mental Abi!’ ‘y 
(Higher Exam, Form A) of 112 applicants for machine shop apprenticeships. 
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IG, 8—Distribution of scores on Otis Se'f Administering Test of Mental Ability 
(Higher Exam, Form A) of 117 applicants for electrical apprenticeships. 


ministering Test of Mental Ability,’ a standard intelligence test 
described briefly on page 49, as a means of obtaining additional 
information about the applicants in these two groups before a 
selection was finally made. The distributions of the intelligence- 
test scores for the two groups are shown in Figures 7 and 8. 
Many psychologists will find it hard to believe that high-school 


6H. R. Goppert, Joseph Tiffin, and H. G. McComb, “Purdue Vocational Tests, 
Technical Information in Electricity,” Purdue University, 1940. This test is de- 
scribed briefly on p. 105. 

7 Arthur 8. Otis, Otis Self-Administering Tests of Mental Ability (World Book 
Company, 1922). 
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eraduates of vocational courses tested as low as did those indi- 
viduals at the left end of the scale in Figures 7 and 8. However, 
the distributions represent the scores exactly as they were ob- 
tained. It is very doubtful whether a boy with a raw score 
of 15 or less on the Otis test would be able to profit from an 
apprenticeship in machine shop or electricity to a sufficient 
extent to make the venture worthwhile either to the boy or to 
the company. 

Job qualification tests are not limited to tests of technical in- 
formation or intelligence. Many, if not most, jobs of a routine 
nature demand capacity for dextrous and co-ordinated activity 
more specifically than they demand technical information and 
mental ability. Just as one hundred persons selected at random 
would hardly be likely to possess equal capacities to become 100- 
yard-dash men, so one hundred persons selected by interview or 
otherwise would not be likely to possess equal capacity for a 
given production job unless capacity for the production job is 
measured before they are hired. 

The above fact is illustrated in Figure 9, which shows fre- 
quency distributions of four different groups*® on the O’Connor 
test of finger dexterity.° This test consists of a 100-hole peg- 
board which is filled as rapidly as possible (three pins to a hole) 
from the pins located in a shallow tray. The greater one’s finger 
dexterity, the more rapidly he will be able to fill the board and 
the smaller will be his score, which is simply the time in minutes 
required to fill the board. The original method of scoring this 
test, as described by Hines and O’Connor,”® was somewhat more 
complicated than the simple determination of time in minutes 
required to fill the board. However, since Tiffin and Greenly ** 
found a correlation of .99 between the simple time score and the 
scores obtained by the original formula, it was not necessary to 
compute the scores by the original formula. In Figure 9, the 
left side of the scale represents the small-time values or good 
scores, and the right side the long-time or poor scores. The 
_ upper curve, or A, in Figure 9 shows the distribution of finger 


8 Tiffin and Greenly, op. cit. 

9M. Hines and J. O’Connor, “A Measure of Finger Dexterity,” Personnel Jour- 
nal, IV (1926), pp. 379-382. 

10 Hines and O’Connor, op. cit. 

11 Tiffin and Greenly, op. cit. 
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dexterity—as measured by this test—among a very large num- 
ber of randomly selected persons. The remaining distributions 
in this figure (B, C, and D) show how finger dexterity is distrib- 
uted among three groups of employees engaged in work for 
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random group of subjects (top) and three groups of industrial employees engaged 
in rapid finger work. 
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which finger dexterity is presumably an important qualification. 
A marked similarity among the four distributions is revealed. 
Operators on the three industrial jobs are little better in 
finger dexterity than are randomly selected persons, which 
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Fic. 10—Distribution of binocular visual acuity among 8,694 employees in a steel 
mill, The acuity scale is described on page 129. 


means that persons equally qualified for this job would have 
been obtained if the employees had been selected by lot from 
a telephone directory. 

The questions will naturally be raised: What of it? How do 
we know that the finger-dexterity pegboard is a job qualifica- 
tion test for these jobs? Are the persons who test high in finger 
dexterity better employees than those who test low? 

Detailed answers to these questions must be postponed at 
this point (they will be given in Chapter 4); but we may defi- 
nitely say here that the test in question does measure something 
that is necessary for efficient production on the jobs under con- 
sideration, and we may add that the employees testing high on 
the finger-dexterity test are, in general, the same employees 
who are also most productive at their work. 

Differences in vision furnish a further example of individual 
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differences in job qualification. Figure 10 shows a distribution 
of binocular visual acuity of 8694 employees in a steel mill. Al- 
though this curve reveals that the large majority of employees 
have an acuity of 80 per cent or higher, it also shows a small, 
but definite, percentage well below this point. The curve also 
reveals a scattering of employees with acuity so low that they 
are, on certain types of jobs, severely handicapped at their 
work. This statement is based upon investigations showing the 
relationship between vision and efficiency (see page 136). Vis- 
- ual acuity is not the only aspect of vision in which individual 
differences among employees exist. Numerous tests dealing 
with other aspects of visual performance and efficiency reveal 
equally marked variations. A detailed treatment of vision as it 
relates to employee efficiency on different kinds of work will be 
covered in Chapter 6. 

Merit ratings furnish another indication of individual differ- 
ences in employee qualifications for certain jobs. A merit 
rating is a periodic judgment of an employee by his supervisor. 
It consists, usually, of a blank which permits separate ratings 
of the employee in terms of such factors as safety, productivity, 
industriousness, initiative, and so on. A recent survey indicates 
that approximately one-third of American industries were 
making use of merit ratings in some form in 1939.12 Merit- 
rating systems, which will be discussed in detail in Chapter 9, 
usually result in a single over-all rating for each employee. This 
over-all rating may be taken, with certain qualifications, to in- 
dicate the employee’s suitability on the job. 

A distribution of the over-all ratings of 710 men from one 
department of a steel mill is shown in Figure 11. Many cau- 
tions should be observed in interpreting the significance of these 
merit ratings, but it is safe to conclude that the spread of over- 
all ratings from 240 to 450 points suggests definite differences 
in the quantity and quality of service rendered by the differ- 
ent employees. 

Many additional instances of individual differences which 
affect industrial production could be cited, and all of them 
would point toward the conclusion that on many jobs a good 
employee is at least twice as valuable to the company for which 


12R. B. Starr and R. J. Greenly, “Merit Rating Survey Findings,” Personnel 
Journal, XVII (1939), pp. 378-384. 
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he works as a poor employee. We may answer the question 
about the magnitude of individual differences, then, by saying 
that the differences are not only real but they are large enough 
to be of vital practical importance to industry. 
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Fig. 11—Distribution of over-all merit ratings of 710 men from one department 
of a steel mill. 


The Effect of Training Upon Individual Differences 


Many psychologists have attempted to reach a general con- 
clusion from experimental investigations of the effect. of train- 
ing upon individual differences. Three possible conclusions _ 
might be considered: training may increase the differences, it 
may decrease them, or it may leave them unaffected. /. 
~ Examination of experimental studies in this field reveals what 
seems to be a good deal of contradictory evidence. In certain 
kinds of situations it seems clear that training tends to increase 
whatever differences in ability may exist at the beginning of 
the training. A group of persons placed upon an entirely new 
task of a complicated nature are not likely to differ much among 
themselves in their ability to handle that task at the beginning. 
Their skill is likely to be quite uniform and, it might be added, 
uniformly low until appropriate training has given those with 
capacity to do the task an opportunity to forge ahead. The 
operation of any complicated industrial production machine 
will furnish an example of this principle. 

In Figure 12 the heavy black line shows the average produc- 
tion of hosiery loopers in dozens of pairs per hour plotted 
against the amount of experience on the job. This curve is 
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really the learning curve for this operation, even though it was 
obtained by taking the average production of loopers of varying 
amounts of experience rather than by following the improve- 
ment in skill of a given group of loopers as experience increased. 
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Fic. 12—Relation between experience and production in looping hosiery, and the 
effect of experience on individual differences in productivity. Results based on 
199 loopers of varying experience. 


The dotted lines in Figure 12 indicate a standard deviation 
above and below average production for the varying amounts of 
experience. It is clear that the variability is greater among the 
loopers with considerable experience on the job than among 
those who have been recently hired or who are in the early 
stages of learning the operation. Here, then, is a specific case 
in which training increases the magnitude of individual differ- 
ences with performance upon a given job. The operators are 
much more nearly like one another in the early stages of their 
training than in the intermediate or later stages. 

One should not infer from the foregoing illustration, however, 
that the effect of training is always to increase the magnitude of 
individual differences. For example, Hartmann,’ using four 
tests of manual ability, found that three months of training re- 


183 The standard deviation, a measure of variability or spread of seores, is ex- 
plained in Appendix A, p. 344. 

14G, W. Hartmann, “Initial Performance as a Basis for Predicting Ultimate 
Achievement,” School and Society, XXIX (1929), pp. 495-496. 
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sulted in definitely more improvement among those who ini- 
tially tested low than among those who initially tested high. 
The ability of everyone was improved as a result of the train- 
ing, but, in this experiment, the training also tended to de- 
crease the difference between the good and the poor scores. 

It would be possible to cite numerous other experiments that 
support the apparently contradictory conclusions of one or the 
other of the investigations cited above. <A study of the experi- 
ments in question, however, suggests a possible explanation for 
the seeming discrepancy in results. Wherever the effect of 
training has been to increase the magnitude of individual differ- 
ences, a study of the task involved usually reveals it to be fairly 
complicated. By complicated we mean that it is one in which 
the average individual does not reach his maximum level of 
performance without a fairly long learning period. Wherever 
training results in a decrease in individual differences, the task 
is usually found to be a rather simple one, that is, one upon 
which the average individual shows little improvement after a 
relatively short practice period. In the light of these facts we 
may venture the tentative generalization that training tends to 
increase individual differences in proportion to the complexity 
of the task in question. Although a few minor exceptions to 
this principle may come to mind, it seems to be at least provi- 
sionally acceptable as a working hypothesis. 

Whatever may be the effect of training on the magnitude of 
individual differences, it seems clear that training seldom 
changes the relative standing of individuals in their ability to 
perform any given task. This conclusion is in accord with the 
findings of Bishop,” Peterson,"* Hartmann,” Viteles,'® and 
others. No industry, therefore, should expect its training pro- 
gram to bring all employees up to the same high level of effi- 
client performance unless the employees have initially been 
selected in terms of their capacity to reach that high level. 


15M. K. Bishop, “A Study of Individual Differences in Learning,” Psychologi- 
cal Review, XXXII (1925), pp. 34-53. 

16 J, Peterson, “The Effects of Practice on Individual Differences,” 27th Year 
Book (National Society for the Study of Education, Bloomington, Ill., 1928), 
Part II, p. 212: 

17 Hartmann, op. cit. 


18 Morris 8. Viteles, Industrial Psychology (W. W. Norton & Company, Ince. 
1932), p. 107. 
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The Bases of Individual Differences 


Psychologists have long been interested in determining the 
ultimate cause of individual differences among people. Usually 
they have divided the major causes into the two general cate- 
gories of heredity and environment. ‘Those upholding one point_ 
of view have often minimized or even completely ignored the 
possible influence of the other factor. It seems probable that 
both factors are usually operative but that their relative im- 
portance differs markedly in the determination of different 
personal characteristics. Heredity would seem to be of most 
importance in determining such traits as height, weight, and 
strength, although it is clear that environment also has some 
effect upon these factors. The environmental factors of training — 
or education are of basic importance in determining trade skills, 
or any other type of skill that is reached only after experience 
on a particular job. But to conclude that differences in skill are 
dependent upon differences in training does not mean that other 
factors have no significant effect upon the level of skill which 
the training produces. Whenever different levels of final per- 
formance are achieved by a group of individuals who were 
apparently equal when the training began, it may safely be 
assumed that individual differences were present at the begin- 
ning of the training which, although they may have completely 
escaped notice, nevertheless were instrumental in setting the 
level of attainment which the several individuals later reached. 

An example will make this clear. It has long been standard 
practice in the hosiery industry to hire girls to be trained as 
loopers only after rigid scrutiny and interview, careful study of 
school records and previous employment, general physical and 
visual examination, and a thorough consideration of all other 
factors that standard employment procedure has indicated to 
be of importance. Obviously the girls could not be selected on 
the basis of their looping ability because, never having seen a 
looping machine, they have no skill whatever on this job at the 
time of employment. Only those girls are hired who, in the 
judgment of the personnel manager, are likely to become good 
loopers with training. But in spite of this extensive examina- 
tion and investigation at the time of employment, and in spite 
of the elimination of all those who for obvious reasons are clearly 
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unlikely to become efficient on this particular job, the girls hired 
do not by any means become equally efficient on the operation. 
In fact, as Figure 4 shows, after a year of experience some of the 
girls are more than twice as productive as others. This fact 
would indicate that, though the girls might have seemed to be 
potentially equal at the time of employment, and indeed prob- 
ably were equal in terms of all factors considered, they were not 
really equal at all. They differed significantly at the time of 
employment in one or more of the factors that determine capac- 
ity for success upon this job, but—and this is the important 


point—the differentiating basic individual differences were not - 


detected by the standard employment procedure. It should be 
added that a dexterity test (described on page 83) and certain 
vision tests (described on page 131) were successful in detecting 
at the time of employment an appreciable number of girls who 
were quite satisfactory from the point of view of standard em- 
ployment procedure but who did not have the basic capacities 
necessary for developing a high level of skill in the muscular and 
visual co-ordination involved in close work. 

One should not infer from the foregoing illustration that the 
industrial psychologist recommends the elimination of standard 
employment procedure. He fully recognizes that a good per- 
sonnel man will detect all of the obvious, and many of the subtle, 
reasons why some applicants should, and others should not be 
placed upon a specific job. But experiments clearly show that 
even the best personnel men cannot determine the muscular co- 
ordination or dexterity of an applicant from a general interview 
or from an examination of his or her hands. Many if not most 
industrial jobs call for a combination of certain basic capacities 
that cannot be detected at the time of employment without spe- 
cial technique and often standardized test procedures. These 
basic capacities, which are measurable (even if not often meas- 
ured) at the time of employment, are related to future pro- 
ductivity, accuracy, accident proneness, promotion, versatility, 
tenure with the company, and many other factors that differen- 
tiate between a profitable and a nonprofitable employee. One of 
the major functions of this book will be to show how these basic 
factors affect the development of an employee and to cite a num- 
ber of illustrations of the use of selection and placement tests in 
industry. 


2 


General Principles of Employee 
Testing 


THE preceding chapter has given an indication of the nature 
and significance of individual differences among industrial em- 
ployees. Since every personnel man recognizes the existence of 
such differences, it is quite unnecessary for the industrial psy- 
chologist to re-emphasize the importance of proper employee 
placement. The personnel procedures in use in the modern em- 
ployment office have been installed primarily for the purpose of 
making a careful and adequate selection and placement of em- 
ployees. The psychologist’s function, rather, is to bring to the 
attention of the personnel manager those aspects of the theory 
and application of modern psychology that have been found 
helpful in the performance of this diffieult task. 


General Concepts 


Testing supplemental to present employment procedures 

Many industrialists are skeptical about the use of psychologi- 
cal tests in employment because they do not wish to risk a 
change from present methods which are known to be reasonably 
satisfactory to new methods that have not been thoroughly tried 
in actual practice. Their skepticism is clearly justified. When 
psychological methods are used in an employment office they 
should always be looked upon as supplementing—not replacing 
—other methods that are in use. No psychologist who has 
thought at all about the problems of modern industry would se- 
riously suggest that present employment procedures should be 
eliminated. Indeed, many of the advances that modern indus- 
try has made during the past quarter of a century can be traced 
directly or indirectly to the procedures now in use in every mod- 
ern industrial employment office. But the fact that these meth- 
20 
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ods; though excellent in many respects, are still not perfect is 
proved by the marked individual differences among employees 
which any study of differential production will reveal. A consid- 
erable amount of research, both in industry and in the labora- 
tory, has shown that still further improvements in employment 
methods can be attained when psychological tests and methods 
are used as supplements to other employment procedures. | Let 
us keep in mind this word “supplement.” Psychological tests 
are among the tools that are necessary for the most effective se- 
lection and placement of employees. 


Selection or placement as the function of tests 


Employee tests have often been considered primarily as de- 
vices to aid in the selection of employees. This viewpoint is 
followed by the assumptions that (1) when tests are used syste- 
matically, many applicants will be rejected—that is, not em- 
ployed at all—and that (2) unless there are significantly more 
applicants than there are jobs to be filled, the testing program 
loses its effectiveness. | 

It is unfortunate that the selective rather than the placement 
features of employee tests have been given the greater emphasis 
in most discussions of this subject. Perhaps this is due to the 
fact that many industrial testing programs were inaugurated 
. during the depression years of 1930 to 1935, at which time there 
was an unusual abundance of applicants for nearly every job. 
But in a period of emergency production there is usually not an 
abundance of applicants. Indeed, many industries find it neces- 
sary to relax all employment standards, including not only 
psychological test results (in industries where these have been 
established) but also standards dealing with medical and physi- 
cal requirements, age, and marital status. When a testing pro- ~ 
gram has been installed around the basic philosophy that it is 
a selection program, the fact that it is also an excellent place- 
ment program is often forgotten. Yet the value of a testing 
program in placing employees during a period of rapid plant 
expansion is fully as great as its value in selecting employees 
during more static periods. One of the most effective uses of a 
testing program that the writer has observed was in a war in- 
dustrial plant that was hiring, as the medical director stated, 
“anyone healthy enough to walk into the plant.” In this plant 
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the sole purpose of the tests was placement of the many new 
employees on the specific jobs to which each was best adapted. 
The value of tests is by no means limited to situations in which 
there is an abundance of job applicants.- 


Psychological methods are not infallible 


A further point which the advocate of testing procedures 
should make clear is his recognition of the fact that/ psychological 
tests are not infallible; that they will, occasionally, be wrong. 
Any new procedure, whether in employment, production, adver- 
tising, or the like, should be evaluated not in terms of whether 
it achieves perfection, but whether it results in some improve- 
ment over methods that have preceded it.) Thus, if the labor 
turnover in a given department has been 25 per cent per year. 
among employees placed by previous methods; if it is found that 
new employees placed by psychological tests show a turnover 
of only 20 per cent per year (all other factors which indicate 
a desirable employee remaining constant); and if the expense 
of administering the testing program is less than the amount 
saved by the reduction in labor turnover, the testing program 
would ordinarily be considered a sound investment even though 
it did not achieve perfection in reducing labor turnover to zero. 
Evaluation of a testing program should be made in terms of a 
statistical comparison between the employment situation with 
the tests and without the tests. This statistical comparison 
should include such factors as the productivity of employees, 
labor turnover, accuracy and safety, ease of shifting employees 
to different types of work, ease of learning the job, and any 
other factors that may be indicative of a desirable employee. It 
seems only fair to evaluate a testing program in terms of aver- 
ages rather than in terms of specific cases. This point is em- 
phasized because unless one is careful he is likely to allow one 
serious failure in a testing program to outweigh the less spec- 
tacular though much sounder averages that really indicate the 
value of the method. 


Types of tests 

Tests that have been and are being used for employee place- 
ment may be classified in several different ways. They may be 
group or individual tests. The group variety may be given to 
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almost any number of persons simultaneously, the only limita- 
tion on the number usually being seating and writing facilities 
and provision for adequate hearing of the instructions given by 
the group examiner before the test is begun. Examples of group 
tests are the Purdue Achievement Tests (see page 104), the Otis 
Self Administering Tests of Mental Ability (see page 49), the 
Wonderlic Personnel Test (see page 51), and the Bennett Test 
of Mechanical Comprehension (see page 61). Individual tests, 
on the other hand, are given to one person at a time and usually 
call for the undivided, or nearly undivided, attention of the ex- 
aminer while the test is being administered. The phrase “nearly 
undivided attention” is used because in certain cases, as with 
the Purdue Pegboard Test of Manual Dexterity (see page 81), 
it is possible for an attentive examiner to test several persons si- 
multaneously if the necessary sets of equipment are available. 

Another classification of tests may be made according to 
whether they are instrumental or paper and pencil. The former, 
as the name implies, make use of instruments and ordinarily are 
individual in nature. The latter make use of written responses 
and ordinarily are group tests. 

A very important division of tests may be made according to 
whether they measure aptitude or achievement. Aptitude tests 
measure whether an individual has the capacity or latent ability 
to learn a given job if he is given adequate training. Such tests 
are most useful when the majority of applicants for a certain job 
have had no experience on the job and when a relatively long 
period of training is required before their aptitude or lack of ap-_ 
titude for the job will be apparent on the job itself. A good ex- 
ample of a job for which aptitude tests are particularly adapted 
is looping in a hosiery mill. This is a job which requires a year 
of experience, on the average, for complete mastery. New em- 
ployees are usually hired directly out of high school with no 
_ previous experience on the operation of a looping machine or 
anything even remotely resembling it. Aptitude tests that have 
been found to be effective for this job deal with such factors as 
finger dexterity (see page 83) and certain visual characteristics 
(see page 131). Interestingly enough, the tests that “came 
through” * (see page 46) in no way resemble the actual looping 


1The phrase “come through” means that the test scores are found significantly 
related to success on the job. 
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operation; rather they measure certain basic capacities that are 
necessary for an efficient performance on that job. 

Achievement tests, on the other hand, measure how well the 
individual can do the Job or what he knows about it at the time 
he is tested. Achievement tests are. of greatest value when many 
of the applicants for a job have had, or claim to have had, expe- 
rience on the same or a similar job in some other organization. 
For example, a standardized test of knowledge pertaining to a 
machine shop will quickly reveal how much the applicant really 
knows about the machinery and operations in use in a standard 
shop. It is true that he may evidence considerable knowledge 
on such a test and still be a poor machinist because, for example, 
he lacks manual skill. But experience shows that if he reveals 
little or no knowledge on such a test he is exceedingly unlikely 
to be a good machinist. This type of achievement test, there- 
fore, is of definite value in eliminating from consideration those 
who lack the basic information necessary for satisfactory per- 
formance on the job. Achievement tests, such as the punch 
press test described on page 100, may also be instrumental in 
nature. 


Definition of terms 


_ The term capacity refers to potential or latent ability. One 
might have high capacity for a certain skill although he may 
have none of the skill at the time of testing. Thus, one might 
have exactly the combination of keen vision at close distances, 
finger dexterity, and mechanical ability necessary to become a 
watchmaker or repairer, but, if he has had no training in watch- 
making, he might know nothing about the mechanism of a 
watch. It is always advisable to know how much capacity one 
has for a certain job before training is given on that job. Ordi- 
narily those with capacity for the job will learn quickly and ef- 
ficiently; those without capacity for it will not. 

“ The term ability refers to developed capacity, or actual know]- 
edge or skill already developed. One with little capacity might, 
if he has been given a great deal of training, show more ability 
at the time of testing than one with high capacity who has not 
been trained; but if the latter is trained he will soon excel the 
former. Therefore, from a long-time viewpoint, it is more im- 
portant to know the capacity of applicants before they are 


EMPLOYEE TESTING 25 


placed than to know their ability. For purposes of immediate 
‘addition of personnel who will get out some production, the op- 
posite situation is of course true. 

A relationship may be inferred between types of tests and the 
above definitions of capacity and ability. Aptitude tests ordi- 
narily measure capacity; achievement tests measure ability. 


/ / Testing the Tests—the Experimental Approach 

/ It is of utmost importance in any testing program to use only 
tests that have themselves been tested, or to make provision for 
testing the tests before finally accepting them as valid devices 
for employee placement. Two general methods may be followed 
in testing the tests. One of these methods consists of measur- 
ing present employees and correlating the test results against 
whatever criteria of desirability in the employees may be avail- 
able. The other method consists of testing new employees at 
the time of hiring, filing the test results, and later determining 
the relationships between the test results obtained at the time 
of hiring and the success of the employees on the job after they 
have been on the payroll for a period of time. Each of these 
methods of testing the tests has advantages and disadvantages. 
A long-time testing program should make use of both methods. 
Only by so doing can an employment manager hope to obtain 
the maximum benefits from a testing program. | 


Testing the tests on present employees 


This method involves testing a group of employees and deter- 
mining the relationship between test results and employee ef- 
ficiency. When a plant begins, for the first time, a project of 
test validation that involves testing a large group of present em- 
ployees, the question of the reaction of the employees naturally 
arises. Will they become anxious or unduly excited? Is there a 
possibility of the testing program causing worker unrest? In 
this book will be summarized research work and test results that 
have been obtained by testing hundreds of employees in numer- 
ous plants. Some of these plants have been open shop, some 
closed. In the union plants, several labor organizations have 
been represented. In no case has any trouble arisen either with 
employees or union representatives. Wherever the management 
has signed a union contract, representatives of the union are con- 
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tacted and the project explained to them before actual testing 
is begun. Usually a mimeographed slip reading somewhat as 
follows is given to each employee: 


The Personnel Department is co-operating with Purdue University 
in a series of experiments. If you are called to help with this work, 
we want you to know that this will in no way affect your present 
standing with the Company. 

One result of the experiments may be that they will uncover abil- 
ities in some people that have not been known. If this should happen, 
every effort will be made to give you the benefit of these results in 
your own work. 

PERSONNEL DIRECTOR 


After the test results have been obtained, the results may be 
analyzed in several different ways. One method is to divide the 
employees into two groups according to whether they score 
above or below average on the test in question, and compute the 
average efficiency (according to wage earned, merit ratings, or 
some other criterion) of the “high-testing” group and the “low- 
testing” group. If a significant difference between the efficiency 
of these two groups is shown, it may safely be assumed that the 
test 1s measuring something of importance on the job. Under 
these conditions it is usually desirable for the employment man- 
ager to know whether an applicant is in the high- or the low- 
testing group before the applicant is placed. 

Another, and even more effective, method of determining the 
relationship between the test results and employee efficiency is 
to determine the coefficient of correlation between the test scores 
and the efficiency of the employees. This method has numerous 
advantages over simply dividing the employees into a high- 
testing and a low-testing group. In the first place, it gives a 
more accurate indication of the amount of the relationship be- 
tween test scores and efficiency. In the second place, it enables 
the employment manager more effectively to take advantage of 
the all-important selection ratio (see page 34) in using the test. 
In the third place, it makes possible the computation of the rela- 
tive importance of several tests in an employment battery so 
that the tests may be “weighted” according to their importance. 
Finally, the use of the correlational method makes possiblé the 
use of partial and multiple correlation to eliminate statistically 
whatever effect such factors as experience on the job or age may 
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have had in determining the correlation between test scores and 
job performance. 

From the logical viewpoint, one objection to the “present em- 
ployee” method of “testing the test” is that the test may be 
measuring something that 1s improved significantly by experi- 
ence on the job. In other words, the test may be an achievement 
test rather than an aptitude test. Consider again the operation 
of looping in a hosiery mill. If a test is proposed which imitates 
the operation of a looping machine, it is almost certain that 
present employees will divide themselves in their ability to 
score well on this test in much the same way that they have 
already divided themselves in their ability to do the actual job. 
This simply means that the test, being in itself a miniature of 
the job, will divide the employees in much the same way that 
they have already been divided on the basis of the job itself. 
Such a test would have little value for placement of new em- 
ployees unless the surplus labor supply included a large num- 
ber of employees who claimed to have had looping experience in 
some other hosiery mill. Under ordinary circumstances, how- 
ever, persons employed for this job are freshly out of school. 
They have had no experience in looping, and their capacity for 
the job would not be measured effectively by a test: of this type. 
Since none of them can loop at the time of employment, all of 
them, even those who would potentially be the best employees if 
given the training, would score zero or close to zero on any test | 
that calls for ability to loop at the time of employment. 

In testing tests according to this principle it is therefore nec- 
essary to be sure that the tests, in addition to dividing the em- 
ployees according to their ability on the job, do not show a sig- 
nificant correlation with experience on the job. In other words, 
it is necessary to be sure that the employees who score high on 
the test are not scoring high simply because they have had an 
opportunity to learn the skill being tested. Whether this is the 
case may be determined by correlating the test scores against 
experience on the job. If the test is to be used later for employ- 
ment and/or placement it must satisfy two requirements. First, 
‘it must show a correlation with ability on the job. Second, the 
scores on it must not be appreciably related to experience on the 
job. When these two conditions are satisfied, it may be assumed 
that the test is not measuring something that is improved 
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markedly by experience on the job, but that it 7s measuring 
something that is necessary for adequate performance on the 
job. This reasoning applies only to aptitude tests, not to 
achievement tests. When tests of the latter type are used, a sig- 
nificant correlation between test scores and experience is to be 
expected and in no way reduces the value of the tests. 

If the test scores show some correlation with experience, the 
net relationship between test scores and job performance, after 
the effect of experience has been eliminated, can be determined 
by partial correlation. The procedure for computing partial 
correlations may be found in any standard textbook of statistics.” 

The above discussion applies only in cases where the appli- 
cants have not had experience on the job for which they are 
being hired. If they have had experience, then an achievement 
test that is similar to the job or even a miniature (that is, the 
job itself in standardized test form) of the job may identify the 
best employees even more satisfactorily than an aptitude test. 


Testing the test on new employees—the "follow-up" method 


A second and, in general, a more effective method of determin- 
ing the value of a test, is to test the test on new employees. This 
method consists of giving the test, at the time of employment, 
to a large number of employees whose placement has already 
been decided upon by ordinary methods of selection and place- 
ment. These employees are hired just as they have always been 
hired, but before they have been put upon the job or, in fact, be- 
fore they have been told that they have been selected for em- 
ployment, they are required to take a battery of tests. These 
tests at this time have no effect whatever upon whether the em- 
ployees will be hired. As already mentioned, it has been decided 
to hire the employees who are to be tested before the tests are 
given, but the employees are not informed of this decision. 
When this method of testing the test is followed, the test results 
are filed and, for all practical purposes, forgotten until the em- 
ployees have had an opportunity to show whether or not they 
are successful on the job. When sufficient time has elapsed so 
that it is known which of the employees have been successful, ° 
which average, and which unsuccessful on the job, the test re- 


2Henry HE. Garrett, Statistics in Psychology and Education, second edition 
(New York: Longmans, Green, and Company, 1937). 
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sults are taken from the file and the statistician goes to work. 
His job is to determine the relationship between the test results 
obtained at the time of employment and the later success or 
failure of the employees on the job. Numerous indications of 
the success or failure of the employees are usually available 
when the statistician begins his work of correlation. He may 
consider the wage earned by the employees, the amount of pro- 
duction, the proportion of working days the employee has been 
on the job, freedom from accidents, rapidity of learning the new 
job, ratings by supervisors on quantity and quality of work, 
tenure of the employee before layoff or resignation, or any other 
of several indications of success in an employee that a given 
company may feel to be important in its particular situation. 

This method requires more time than testing the tests with 
present employees. Frequently, it does not result in any proved 
tests until the program has been under way for several months 
or, In some cases, several years. Should the first battery of tests 
selected for tryout prove entirely unsatisfactory, it is necessary 
to start the whole procedure over again. This involves the loss 
of a great deal of time. 

Fortunately, in practice the employment manager need not 
decide upon one or the other of the methods discussed and then 
limit himself exclusively to that particular method. He may 
proceed with both methods simultaneously. When this is done 
it is possible to produce a working battery of tests almost at 
once (by using the present employee method of testing the tests) 
and to obtain still more evidence of the value of these tests as 
new employees are tested at the time of placement. This may 
seem to be contradictory because it may be argued that if a test 
is used for placement there will be no variation in the scores on 
this test among the new employees placed on any given job and, 
therefore, it will be impossible to correlate the scores with later 
success on the job. Actually, even though a test is used at the 
time of placement, there will ordinarily be a sufficient spread of 
scores on the test, even among employees who are hired for a 
specific job, to make possible the subsequent statistical evalua- 
tion of the test in terms of the follow-up method. Though the 
variability of the group of employees placed on any given job 
will be smaller than that of all the applicants, nevertheless the 
variability of all the applicants and the variability of the appli- 


30 EMPLOYEE TESTING 


cants who are placed on the job will be known and it will there- 
fore be possible to determine on the basis of the follow-up 
method just how much the test in question increases the effi- 
ciency of the placement procedure for the particular job. 

The point to be emphasized throughout this discussion is that 
no one—whether he is an employment manager, a psychologist, 
or anyone else—can predict with certainty which tests will be 
desirable tests for placement on any particular job. Often a 
rather accurate estimate can be made; but it 1s always necessary 
to check this estimate against correlations between the efficiency 
of the employees and the scores which they made on the tests at 
the time of placement. 


Factors Determining the Functional Value of Selection Tests 


Several factors of both a practical and theoretical nature de- 
termine the functional value of a testing program in an indus- 
trial plant. 


|. When many applicants are being hired for a variety of jobs 

Tests furnish a highly effective means of placing employees in 
the particular jobs for which each is best adapted. Thus, in the 
case of an assembly line, some jobs may require keen eyesight, 
others manual strength, and still others good color vision. 
Sometimes still different factors or a combination of factors are 
involved. Even when there is no thought of using tests to “pick 
and choose” from among applicants, the placement value of tests 
during a period of rapid plant expansion is very great. Indeed, 
_ It 1s during such a period, when it is necessary to hire and place a — 
large number of employees about whom relatively little is 
known, that tests are of greatest value to the personnel manager. 


a Validity and reliability — | 


\Further factors determining the value of tests are their valid- 
ity and their reliability. A test is valid if it measures what it is 
supposed to measure. It is reliable if it measures something 
accurately and consistently.) Much of the preceding discussion 
under the heading “testing the tests” will be recognized as a 
means of determining the validity of industrial placement tests. 
The industrial psychologist is in a favorable position with re- 
spect to determining the validity of his measuring instruments. 


) 
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Almost always he has available, in the plant records, various 
means of determining in objective terms the degree of success 
an employee has attained upon the job. He thus has a criterion 
—an indication of the success or failure of the- employee— 
against which to validate the test that he is studying. Much as 
the industrial psychologist may strive to improve these criteria 
of validity, he usually has at the outset criteria that are more 
satisfactory than those available in many other fields of psycho- 
logical testing. These readily available criteria, which almost 
any modern industrial plant can supply, greatly facilitate the 
validation studies that are so important a part of any testing 
program. 

The validity of a psychological test is usually expressed as the 
coefficient of correlation between the scores on the test in ques- 
tion and some outside criterion—that is, an indication or meas- 
urement of what the test is supposed to measure. It has already 
been mentioned that these criteria include wages earned, quality 
of work, freedom from accidents, merit ratings, or other factors 
that the company accepts as indicative of a desirable employee. 
In using any test it is necessary not only to know the validity of 
the test, but also just what criterion has been used in determin- 
ing that validity. | 

Tests used in industrial placement must also be reliable; that. 
is, they must measure consistently whatever they measure. A 
test is reliable if it consistently gives the same score to an em- 
ployee when he is retested. The retesting may be done with the 
same test used originally, if practice or memory does not 
markedly affect the test score. If practice or memory factors 
significantly affect the score, however, retesting should make 
use of a duplicate form of the test containing items similar j in na- 
ture but different in actual content. 

Since no test, no matter how perfect, will give exactly the 
same score on a first and second repetition to all persons tested, 
a, method of measuring reliability is used which expresses the 
degree of reliability or the extent to which the test gives the 
same score to an employee on repeated testing. The rehability 
of a test is expressed as a coefficient of correlation, which may may be 
interpreted as the correlation between eeiiained from re- 
peated testing with the same or duplicate forms of the test 
When duplicate forms are not available but there is reason to 
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believe that the memory factor will influence the scores, a 
method known as “chance-halves” or “odds vs. evens” is often 
used in determining the reliability of a test. This method in- 
volves correlating certain parts of a test against the remainder. 
Technical descriptions of the research work involved in stand- 
ardizing a test state not only the reliability of the test but what 
method of determining the reliability was used. 

A test may have high reliability and yet be quite worthless 
for any given employment situation. A test might measure 
height, weight, or even general intelligence with high reliability 
and yet show little or no correlation between test scores obtained 
and the efficiency of the employees on the job. In other words, 
the test might have high reliability but low validity, or even no 
validity at all. But if a test has a low reliability, it is not likely 
to have a satisfactory validity. This is simply another way of 
saying that no test is hkely to correlate with anything higher 
than that test will correlate with itself. Thus a test which on 
repeated testing gives scores that correlate with the first testing 
only .45 is not likely, except by chance, to correlate higher than 
.45 with production or any other criterion of employee desirabil- 
ity. It is primarily for this reason that the psychologist using 
tests in industry insists that they be reasonably reliable before 
he makes any attempt to determine their validity for particular 
situations. 

A question that is often raised when the validity or reliability 
of tests is under discussion is: How reliable and valid must a test 
be in order to be worthwhile? This is both a reasonable and a 
natural question when one considers that our measurements of 
both reliability and validity are usually expressed in the form of 
a coefficient of correlation which makes possible a variation in 
the’ degree of reliability or validity all the way from zero (or 
even a minus quantity, if we wish to be theoretically exact) to 
1.00. If we remember that reliability in a test is necessary be- 
cause it determines the ceiling of validity, we may phrase the 
question more simply by asking: How high must the validity 
coefficient of a test be for the test. to be worthwhile? 

The answer to this question depends upon the use that is 
being made of the test. The user of tests is nearly always in- 
terested in one of two objectives, but is seldom interested in 
both at the same time. Hither he is interested in making a care- 
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ful and accurate aptitude analysis of each person tested, which is 
to be used for individual prediction or vocational guidance, or 
he is interested in selecting from a large group of individuals a 
smaller group which, on the average, will excel the larger group 
in some particular respect. In individual consulting work, 
which deals with vocational aptitude and guidance, the psy- 
chologist is interested in the first-named objective. His work 
will stand or fall on the accuracy of his predictions for individual 
clients. He therefore has little use for aptitude tests that do not 
have a validity sufficiently high to justify their use in individual 
prediction. The exact value which the validity of a test should 
have to meet this requirement 1s not completely agreed upon by 
all students of the subject. It is uniformly agreed, however, that 
the higher the validity of the test, the better; that unless the 
test 1s used as a member of a battery (the battery as a whole 
having a higher validity coefficient than the individual tests) 
the validity should be in the neighborhood of .90; and that there 
is no substitute for high validity for individual prediction. 

On the other hand, one may be interested in segregating from 
a large group of persons tested a smaller group which, on the 
average, will excel the larger group in whatever trait is being 
tested. This is, in fact, the situation that confronts the employ- 
ment manager. He is willing to allow the tests to induce him to 
place upon a job a few individuals who will fail on the job 
and to reject (or place upon some other job) a few who, if placed 
upon that job, would have succeeded, if on the whole his per- 
centage of successful placements is higher with the tests than 
wt 1s without them. In other words, the employment manager is 
not so much interested in every strike resulting in a home run 
as he is in improving his batting average. Under these circum- 
stances the validity of the tests can be much lower. But one 
may still ask: How low can it be? A categorical answer to this 
question can be given, but the full significance of the answer will 
be clear only after a thorough study of the next section, which 
deals with the selection ratio. The answer is that a test will be 
valuable, no matter how low the coefficient of validity, if it indi- 
cates some relationship between test scores and the criterion; or, 
in statistical terms, if the coefficient of validity is at least four 
times its probable error. Often this rule will admit tests whose 
validity is as low as .30, or even lower. The use of tests with 
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such low validity is sufficiently contradictory to much current 
thought among psychologists to warrant a fairly detailed Justi- 
fication for the above conclusions. 


3. The selection ratio 

Given a selection test that has a validity coefficient indicating 
some relationship with the criterion, and given more employees 
to be placed than can be placed on the job in question, the func- 
tional value of the test to an employment manager depends upon 
the ratio of those placed to those tested who are available for 
placement. ‘This has been referred to as the selection ratio.* 
An example will clarify the operation of this principle. 

If a certain test is given to a large number of employees for 
whom a criterion of successfulness as employees is available, 
and if the scattergram of test scores against the criterion is 
plotted, the points will ordinarily fall into an oval-shaped area 
somewhat similar to the oval in Figure 18. The higher the co- 
efficient of validity, the narrower will be the oval; and the lower 
the validity, the more the oval will approach a circle. <A valid- 
ity coefficient of approximately .60 will result in a scattering of 
scores approximately covering the oval area shown in Figure 13. 
Now, if employees are placed without regard to test scores, their 
criterion scores will be the average of all individuals falling 
within the oval. If only those are placed upon this job who 
have test scores as high as or higher than 7',, those not placed on 
the job will clearly have, on the average, lower criterion scores 
than the group as a whole, and those placed will accordingly be 
higher in their criterion scores, on the average, than the group 
as a whole. A still higher average criterion score for the group 
placed can be achieved by setting the critical test score at 7». 
By moving the critical score to T;, Ts, or even higher, still more 
favorable placements, according to average criterion score, can 
be made. 

If a given number of persons, say 60, are to be placed, any one 
of the above conditions may exist; which one exists will depend 
upon the selection ratio that is utilized, that is, the ratio of the 
number placed to the number tested. Suppose we work with a 


3H. C. Taylor and J. T. Russell, “The Relationship of Validity Coefficients to 
the Practical Effectiveness of Tests in Selection: Discussion and Tables,” Journal 
of Applied Psychology, XXIII (1939), pp. 565-578. 
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ratio of 1.00; that. is, all those tested are placed. In this case, 
the distribution of test scores will be over the whole range of | 
possible test scores, the criterion scores will be over the whole 
range of possible criterion scores, and the test will contribute 
nothing whatever to the efficiency of the placement procedure. 
Now suppose that we test 80 individuals and place the 60 who 
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Fic. 13—Effect of shifting the critical score required of applicants on average 
criterion score of employees hired. 


score highest on the test, either not hiring the 20 who score 
lowest or placing them on some other job. We thus reduce those 
placed to 75 per cent of those tested, or reduce the selection 
ratio to .75. Under these conditions, we will place on this job 
only individuals who test at least as high as 7',, and the average 
criterion scores of those so placed will clearly be higher than the 
average of the group asa whole. By testing 120 and placing the 
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60 who score highest on the test, the selection ratio. will be re- 
duced to .50 and only individuals to the right of 7, will be 
placed. The average criterion score of this group will not only 
be higher than that of the whole group, but will also be higher 
than that of the group placed when the critical test score was at 
T,. Thus, by increasing the number tested before the 60 to be 
placed are identified, the selection ratio will be decreased with 
a continuous increase in the average criterion score for the group 
of 60 finally placed. If, for example, the plant is expanding so 
greatly that 600 new employees could be tested before 60 are se- 
lected for location upon this particular job (or if the labor mar- 
ket were such that 600 applicants were tested before 60 were 
hired for this job), the selection ratio would be decreased to .10, 
only those testing at least as high as 7, would be placed upon 
the job, and the average criterion score of the group of 60 placed 
under these circumstances would be much higher than the score 
of 60 placed under any larger selection ratio. 

The above discussion is of course based on the assumption 
that the placement of employees is successful in proportion to 
the average success of the employees placed. Anyone can 
readily see that even working with a selection ratio of .1, some 
individuals (ike X in Figure 13) will be placed who will be 
poorer according to the criterion than a few other individuals 
(like Y in Figure 13) who have not been allocated to this job. 
But if one is willing to measure the success of the testing pro- 
gram by average results rather than by individual cases, the re- 
sults will be more and more favorable as the selection ratio is 
decreased. 

We have already stated that psychologists dealing with voca- 
tional guidance and individual consultation are usually more 
interested in making accurate individual predictions than in 
making group predictions. Most of these psychologists have 
tended, therefore, to evaluate a test almost entirely in terms of | 
its validity coefficient. They have stressed the fact (which is 
unquestionably true for individual prediction) that there is no 
substitute for high validity: that if two tests have been vali- 
dated against the same criterion, and one has a higher validity 
coefficient than the other, there is no way to make the one hav- 
ing the lower validity serve as well as the other. The main point 


EMPLOYEE TESTING 37: 


of the above discussion is that in group testing, where one is in- 
terested in average rather than individual results, one can make 
the test with the lower validity perform as well as the other by 
sufficiently reducing the selection ratio.* In other words, in 
group testing, a reduction of the selection ratio is a substitute 
for high validity. This statement does not mean that this sub- 
stitute will work if the test has no validity at all, but it does 
mean that if the test has any significant validity, however small, 
it is possible for the employer to get the same functional value 
from it that he could get from a test of any validity, however 
high, if he is able sufficiently to reduce the selection ratio. 

A practical objection to the principle of increasing the effi- 
ciency of a test by decreasing the selection ratio may be raised, 
namely, that there is a limit to the number of applicants who 
can be tested before the desired number are placed. It is true 
that, for numerous reasons, an employment manager is seldom 
able to test 600 or even 200 men before 60 are placed. But it 
should be remembered that a ratio of 10:1 can be achieved by 
placing one person out of ten tested just as well as by placing 60 
out of 600 tested. One does not need to wait for a great expan- 
sion in hiring before advantage can be taken of a reduced selec- 
tion ratio. A reduction in the selection ratio can be utilized 
whenever two or more employees are being placed on two or 
more different jobs, and if tests of some validity are available for 
each of the jobs. 

The objection may also be raised that advantage cannot be 
taken of a reduced selection ratio unless there are more appli- 
cants than there are jobs to be filled. This is true if all persons 
employed are to be placed upon the same job. But almost 
always an expansion of plant personnel involves hiring for sev- 
eral jobs, not just for a single job. Therefore, the advantage of 
a reduced selection ratio usually can be achieved even when, as 
in a period of emergency production, there is difficulty in getting 
enough applicants to fill the jobs. Even when all applicants are 
hired, placements can be made on various jobs in such a way as 
to take advantage of individual differences by means of reduced 
selection ratios. 


4Ibid., also Clark L. Hull. Aptitude Testing (World Book Company, 1928). 
See footnote on page 276. 
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4. Percentage of present employees considered satisfactory 
A further factor which affects the efficiency of a selection test 
in a given employment situation is the percentage of present 
employees who are considered satisfactory. This factor may be 
made clear by reference to Figure 14. Suppose we are working 
with a test having a validity coefficient such that the employees 
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Fic. 14—Variation of efficiency of an employment test with differences in percent- 
age of present employees who are considered satisfactory. 


tested fall into the oval-shaped area. Suppose, further, that we 
are working with a selection ratio of .6—that is, only persons 
falling in the oval-shaped area to the right of 7, will be placed 
on the job. If 50 per cent of the present employees are satis- 
factory, any increase over this amount in the percentage of sat- 
isfactory employees placed that can be achieved by using the 
test is a gain. Under these conditions, the ratio of satisfactory 
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employees among those placed to the total of those placed would 
be the ratio of the number of individuals falling to the right. of 
line 7’, and above C, to all persons falling to the right of line 7’. 
This ratio would clearly be higher than .50, and the amount by 
which it exceeds .50 would be indicative of the functional value 
of the test under the conditions discussed. 

If all conditions named above remain the same except that pre- 
vious employment methods have resulted in 75 per cent satisfac- 
tory employees, then the criterion separation line of the successful 
and unsuccessful employees would be C, and the percentage of 
satisfactory employees placed by means of the test would be the 
ratio of the individuals to the right of line JT, and above C, to all 
persons to the right of line 7,. In the latter case, a larger per- 
centage of employees hired will be satisfactory than in the 
former case, even though the test, selection ratio, and other con- 
trolling factors remain the same. In other words, if every- 
thing else is equal, the smaller the percentage of present em- 
ployees who have been placed satisfactorily without tests, the 
larger will be the percentage increase of satisfactory employees 
when employees are placed by means of test results. This may 
be illustrated by an example. Suppose we have available a test 
with a validity coefficient of .50 and are working with a selection 
ratio of .50. Table II shows the increase due to test in percentage 
of satisfactory employees which might exist prior to the use of 
the test. The values in Table IT were obtained from the Taylor- 
Russell tables reproduced in Appendix B. If only 5 per cent of © 
employees placed by traditional means are successful, then the 
expected increase to 9 per cent represents an 80 per cent increase 
in the number of satisfactory employees placed by the test, 
under the specified conditions of test validity and selection ratio. 
For larger percentages of satisfactory employees that have been 
achieved without the test the percentage of increase achieved by 
using the test becomes increasingly smaller. If 90 per cent. of 
employees placed by traditional means have been successful, the 
increase of this percentage to 97 per cent by the test, used under 
the specified conditions, results in an improvement of only 8 
per cent in the number of employees satisfactorily placed. 

The general conclusion is that, other things being equal, the 
more difficult it has been to find and place satisfactory em- 
ployees without using test procedures, the greater the gain one 
may expect from a testing program. 


40 EMPLOYEE TESTING 
TABLE II 


INCREASES IN PERCENTAGE OF SATISFACTORY EMPLOYEES PLACED ON A JOB OVER 
VARIOUS ORIGINAL PERCENTAGES OF SATISFACTORY EMPLOYEES WHEN A TEST 
witH VALIDITY COEFFICIENT OF .50 Is UsEp wirH A SELECTION RATIO 


OF .50 
A B | 
Percentage of Percentage of Difference in Per- hone Be es 
Satisfactory Satisfactory centage Between (Bytarer MelGesin 
Employees Placed! Employees Placed | Columns A and B (A) 
on the Job without | on the Job with the 
the Test Test 
5 9 4 80 
10 IVF, 7 70 
20 3l 11 55 
30 44 14 47 
40 56 16 40 
50 67 7 34 
60 76 16 27 
70 84 14 20 
80 91 11 14 
90 97 7 8 


The purpose of the above discussion is to make clear the fact 
that several factors, each relatively independent of the others, 
operate to determine the functional value of a selection test to 
an employment manager. If the employment man knows these 
factors—that is, if he knows the validity of his tests, the selec- 
tion ratio with which he is working, and the percentage of pres- 
ent employees considered satisfactory—he can predict definitely 
just how much he will improve the placement process by using 
the test. And if this amount of improvement is not satisfactory, 
he can improve his placement by almost any reasonable amount 
if the selection ratio can be decreased. 

Figure 15 reproduces a chart that shows how the percentage 
of employees selected who will be successful is determined by 
the validity of the test and the selection ratio. This chart deals 
with an employment situation in which 50 per cent of present 
employees are considered satisfactory. The base line in this fig- 
ure gives the selection ratio, and each of the curves plotted indi- 
cates a different test validity. It will be seen that by using a 
test with a validity of .90, and by reducing the selection ratio to 
.60, the percentage of satisfactory employees placed will be 
raised from 50 per cent to 77 per cent. It will also be noted that 
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a corresponding increase to 77 per cent in the number of satis- 
factory employees will be achieved by a test with a validity of 
only .50 if the selection ratio is decreased to .20. 

The Taylor-Russell tables,° reproduced in Appendix B, make 
it possible to determine what percentage of employees hired will 
be satisfactory under different combinations of test validity, se- 
lection ratio, and percentage of present employees considered 
satisfactory. 


PER GENT SELECTED 
WHO WILL BE SUCCESSFUL 


SELECTION RATIO 


Fic. 15—Effeet of test validity and the selection rates upon the working efficiency 
of an employee selection test. 


The use of these tables may be made clear by an example. 
Suppose an employment manager has a test. with a validity co- 
efficient of .40, has twice as many applicants or employees avail- 
able as there are jobs to be filled, and is placing in a department 
where 30 per cent of the present employees are considered satis- 
factory. Looking in the lower half of the table on page 364 (en- 
titled “proportion of present employees considered satisfactory 
= .30’), we find in the row representing a validity coefficient of 
AO and in the column representing a selection ratio of .50, the 
value .41 where the indicated row and column cross. This means 
that under the conditions specified 41 per cent of the employees 
placed will be satisfactory instead of the 30 per cent attained 
without the test. If conditions are such that the selection ratio 
may be still further reduced, the same test will place a still 
higher percentage of successful employees. For example, if only 


5 Taylor and Russell, op. cit, 
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the highest 10 per cent of the persons tested are placed on the 
job, the percentage of satisfactory employees will be raised to 
58 per cent, or nearly double the percentage of satisfactory em- 
ployees placed without the test. 


5. Combining tests into a battery 


No single test will measure all of the capacities or abilities re- 
quired on any job. Even the simplest of jobs is complex if one 
considers the combination of capacities or abilities required of a 
person who is to remain on the job and to do it well. Johnson ° 
has pointed out that aptitude for any job consists of a syndrome 
of abilities and that one needs all of these to be successful. This 
fact makes it desirable, and in some cases necessary, to use a bat- 
tery of tests rather than a single test. By means of statistical 
methods, the results of several tests can be combined into a 
composite score so that each is weighted to give the maximum 
correlation between the battery test score and the criterion. An 
example of the use of such combinations and weighting may be 
found in a set of tests worked out for placing menders in a 
hosiery mill. A number of tests were given to one hundred em- 
ployees on this job. For each employee, data were obtained on 
age and experience as well as average hourly earnings for the 
twelve-week period preceding the administration of the tests. 
The correlations between several of the tests and the earnings 
criterion are given in Table III. 


TABLE III 


CORRELATIONS BETWEEN SEVERAL DEXTERITY TESTS AND 
EARNINGS OF MENDERS IN A Hosrery Miu 


(Effect of age and experience statistically eliminated) 


Correlation 
with Harnings 
Purdue, Hands Precision: Vest? unseen ee 27 
Hinger “Dexterity "Lest (( Hrror:seore yay eee 18 
Hayes :.Pegboard 7, caer gern ee eee ne ee 26 
Composite Score of Three Above Tests.......... .00 


* Details of construction and administration of these tests are given in Chap- 
ter 4, 


It will be noted in Table III that the maximum correlation of 
any individual test with earnings was .27, but that a battery 
made up of all three correlated .35 with the same criterion, In 


SH. M. Johnson, “Some Neglected Principles of Aptitude Testing,’ American 
Journal of Pevcholaan, XLVITI (1935), pp. 159-165. 
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obtaining the composite score the following formula was used: 
Composite Test Score = 12 (Hayes Pegboard) — 4 (Purdue 
Hand Precision Test) — 2 (Finger Dexterity Error Score). The 
constants by which the raw test scores are multiplied in this 
formula result in the best combination of the tests to make a 
prediction of job success from a combination of test scores. The 
usefulness of a test battery that correlates to the extent of .35 
with a criterion may be inferred from Figure 16, which shows 
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Fig. 16—Variation in per cent of employees who will be above the present aver- 
age of employees when different selection ratios are used with a test having a 
validity coefficient of .35. 


the percentage of employees placed by this battery who will be 
above the average of present employees when different selection 
ratios are used in hiring or placement. For example, if the se- 
lection ratio could be reduced to .10, approximately 70 per cent 
of the employees placed would be above the present average. 
The value of the testing procedure in this case is definitely en- 
hanced by the use of several tests in combination, since no single 
test, of those tried, gave as high a validity coefficient as the bat- 
tery as a whole. 

The way in which a battery of tests may be expected to func- 
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tion in selecting the highest earners on a manipulative job is il- 
lustrated in Figure 17. To obtain this figure, another group of 
150 hosiery workers (seamers) were first divided into four quar- 
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Fic. 17—Average earnings and average experience of four quartiles 
of “seamers”’ divided according to composite score on a battery of 
dexterity tests. 


tiles according to their composite score on two tests (Purdue 
Hand Precision and error score of the O’Connor Finger Dex- 
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terity) which had been found related to production on this job. 
For each quartile of employees, the average earnings and aver- 
age experience were computed and plotted in Figure 17. It will 
be noted that there is a progressive decrease in average earnings 
from the best to the poorest quartile, in spite of the fact that the 
poorest quartile of employees on the test had a greater amount 
of experience, on the average, than any of the other quartile 
groups. Graphic representation of this type is possible, of 
course, only to the extent that no marked differences in experi- 
ence exist among the groups compared. For example, if the low- 
testing group had two or three times as much average experience — 
as the high-testing group (which actually occurred in the case 
of the menders previously mentioned), one could not make a 
direct comparison of the earnings of the different groups. 

Further need for using a battery of tests, rather than an indi- 
vidual test, In many cases arises from the fact that since any 
single test will at best cover only one of several qualifications 
that are necessary on the job, a battery is required in order to 
obtain a more complete picture. The general appearance of the 
scattergram obtained by plotting test scores against a criterion 
often, in itself, indicates that a test, even a good test, covers only 
one phase of the job requirements. The scattergram often shows 
that persons testing high on the test may either be high or low 
on the criterion, whereas those testing low on the test are almost 
always low on the criterion. 

An example of this tendency is shown in Table IV. The scat- 
tergram in this table shows the relation between the learning 
cost of 35 loopers in a hosiery mill and their scores on the Pur- 
due Grooved Pegboard Dexterity Test (see page 83). The 
minimum wage law now in effect requires that every employee 
be paid a certain minimum wage regardless of whether his piece- 
rate earnings reach this amount. A slow learner will thus have 
to be paid a large amount of “minimum make up” before she is 
earning her wage, whereas a fast learner will reach the legal 
minimum more quickly. Thus one indication, and a rather im- 
portant one, of the desirability of an employee is the total 
amount of money that the company must contribute in mini- 
mum make-up wages while the employee is learning the job. It 
will be noted in Table II that this amount varies from $15.00, in 
the case of very rapid learners, to more than $60.00 in the case 
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of slow learners. The grooved pegboard is scored in time re- 
quired to fill the board (best two trials out of four). The shorter 
the time, the better the score. ? 

Table IV makes several points clear. Employees with a fa- 
vorable test score definitely tend to show a lower average learn- 
ing cost to the company than do employees with a poor test 
score. In this case the correlation between test score (speed of 
filling the grooved pegboard) and economy in learning cost was 


TABLE IV 
ScATTERGRAM SHOWING RELATION BETWEEN LEARNING Cost TO COMPANY OF 35 
LoorERs IN A Hostery MILL AND ScORES AT TIME OF EMPLOYMENT OF THE 
PuRDUE GROOVED PEGBOARD DExtTERITY TEST 


SCORE ON GROOVED PEGBOARD DEXTERITY TEST 
LEARNING COST TO 


COMPANY 
60 seconds| 55 59 | 50-54 | 45-49 | 40-44 
or over 
$15-$24 2 2 5 
$25-$34 1 3 3 
$35-$44 2 3 
$45-$59 1 3 
$60 or over 2 | 2) 3 1 1 


48. This figure may therefore be taken as the validity coeff- 
cient of the test for the job in question according to the learning- 
cost criterion. 

But another characteristic of the scattergram shown in 
Table IV that is commonly found in data of this sort is the tri- ° 
angular rather than the oval-shaped area into which the em- 
ployees fall. Several employees who tested high actually turned 
out to be slow learners. However, no individuals with poor test 
scores turned out to be rapid learners. The significance of this 
finding is that the test in question apparently is measuring one 
essential requirement of a rapid learner, but only one require- 
ment. An employee who lacks this requirement is practically 
certain to be a slow learner. But an employee who tests high, 
that is, who has an abundance of this requirement, may still be a 
slow learner if she lacks certain other basic requirements for the 
job. The triangular shape of the scattergram thus indicates the 
existence of a hierarchy or syndrome of capacities required for 
this job. : 
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A question may be raised as to whether the reasoning on pages 
34-37, in which the significance of the selection ratio concept 
was discussed, 1s valid when the scattergram is triangular rather : 
than oval in shape. This reasoning applies equally well regard- 
less of the shape of the scattergram as long as a vertical line 
drawn through the distribution at any point will divide the in- 
dividuals plotted so as to give a higher average score to those on 
the right of the line than to those on the left. This situation is 
certain to occur when a positive correlation between test scores 
and criterion exists. Thus, the rather common existence of a 
triangular scattergram does not invalidate the importance of the 
selection ratio; but it does quite definitely add to the evidence 
that a hierarchy of traits is basically necessary for satisfactory. 
performance on most Jobs. 


6. Adequate training of testers 


The impression that the tester makes upon applicants or em- 
ployees is of vital importance to the success of a testing program. 
This fact, obvious to the experienced employment manager, has 
often been underemphasized or even completely overlooked by 
psychologists themselves. ‘Everyone has shoes but the shoe- 
maker’s wife,” says an old proverb. The professional psychol- 
ogist often becomes so absorbed in the statistical phases of a test 
program that he forgets the importance of personal and indus- 
trial relations in actual test administration. Often the test ad- 
ministrator spends more time with an applicant than anyone 
else in the employment office. First impressions are lasting 
ones, and applicants who are employed may long remember the 
impressions of the company formed the first day at the plant. 
And the rejected applicants—upon whose reactions the indus- 
trial relations of the company within the community are also 
dependent—have no further opportunity to reach a different 
opinion of the company. The man who administers the tests 
should be understanding, sympathetic, and courteous. He 
should give the applicant a feeling of importance. If the test 
results do not justify employment, the applicant should be made 
to understand that, although he is not properly adapted or 
trained for the job now open, he may be quite qualified for some 
other job at a later time or for some job now open in another 
plant. The applicant should be given an understanding of the 
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fact that he himself would not profit from employment on a job 
on which he would be likely to fail. 

To explain such matters to rejected applicants is neither easy 
nor routine. It must be done individually, thoroughly, and sin- 
cerely. Many of the qualities of a successful salesman are of 
real value to the test administrator in industry. Testing human 
beings is not the same as testing materials or processes. People 
react, either favorably or unfavorably, to a test situation. It is 
one job of the tester—indeed, one of his most important jobs— 
to be sure that they react favorably. Others may have prepared 
adequate tests; light, roomy, and attractive rooms may be avail- 
able in which to give the tests; but unless the test administrator 
creates a favorable reaction to the testing program, the full ad- 
vantage of this tool for employee selection and placement is not 
likely to be realized. 
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3 
Mental Ability and Mechanical 


Comprehension Tests 


For several reasons, we shall consider tests of mental ability 
before we consider tests in such areas as mechanical aptitude, 
dexterity, or trade ability. It is hoped, however, that such prior 
consideration of the field of mental ability will not give a wrong 
impression of the relative importance of mental ability tests. 
We do not consider intelligence tests first because they are more 
important than other tests, nor because most jobs demand per- 
sons of high intelligence. We consider this field first because 
probably no other area of psychological testing has been so thor- 
oughly explored. As a result of this exploration we know the 
fields in which mental ability tests are of definite value and also 
the fields in which they offer little or no promise. Given a job 
description, therefore, we can predict with reasonable assurance 
whether a mental ability test will be of value in allocating em- 
ployees to that job and what test or type of test is most likely 
to “come through” for the job. But it should be kept in mind 
throughout this discussion that for many jobs in modern busi- 
ness and industry intelligence or mental ability tests now avail- 
able give no correlation whatever, either positive or negative, 
with job success. Later we shall discuss a number of jobs of this 
type and summarize certain studies that suggest other types of 
tests that have been found more satisfactory than mental ability 
tests in those particular areas. 


Typical Mental Ability Tests 
Otis Tests * 
The Otis Self-Administering Tests of Mental Ability are typi- 


cal of the more widely used and thoroughly standardized tests 
in this field. This series is called “tests” rather than “test’’ be- 


1 Arthur 8. Otis, Otis Self-Administering Tests of Mental Ability (World Book 
Co., 1922). 
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cause it consists of four equivalent forms of a higher examina- 
tion, designed for high-school students and college freshmen, 
and an additional four equivalent forms of an intermediate ex- 
amination, designed for grades four to nine. These examina- 
tions are modeled after a group test of mental ability designed 
by Otis for use in a large commercial establishment. They are 
made up of logical and arithmetical problems, beginning at a 
very easy level, such as: 


Which one of the five words below means the opposite of north? 
1. pole, 1.2. equator, _-3.-south,.. ..4.east. osweeuy LC 


The number of the correct answer is placed in the parentheses at 
the right. Among the special features which the series embodies 
are: the principle of self-administration which eliminates the 
need for a trained examiner, a simplified scoring system, a 
variety of test material, separate norms for a twenty- or thirty- 
minute time limit, and a simplified chart for computing per- 
centile scores from raw scores on the test. 

_A person’s percentile score indicates that percentage of per- 
sons in the group on whom the test was standardized who are at 
or below the score of the person tested. Thus if one does better 
on a certain test than 20 per cent of the standardizing group, he 
is said to have a percentile score of 20 or to be at the twentieth 
percentile. If he excels 90 per cent of the standardizing group 
he is said to have a percentile score of 90.2 

The Otis tests also provide for conversion of raw scores into 
equivalent I. Q. (intelligence quotient) values. The I. Q. is a 
concept that is used widely in school testing of young children, 
and has become a somewhat common term in popular writing. 
However, since it is used very little in industrial testing pro- 
grams (because it is not a particularly serviceable concept when 
used with scores of adults, and because of a certain feeling of 
resentment that it arouses in many applicants and employees), 
we shall not explain its technical derivation in this discussion.® 


2 A detailed treatment of the meaning and computation of percentiles is given 
by H. E. Garrett, Statistics in Psychology and Education, second edition (Long- 
mans, Green and Gampany: 1930) 3 

3 The interested student will find a descnneen of the meaning and derivation 
of the I. Q. in any elementary textbook of psychology such as, J. Tiffin, F. B. 
Knight, and C. C. Josey, The Psychology of Normal People (D. C. Heath and 
Company, 1940). 
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The Otis tests are in common use in numerous industrial and 
business employment offices, and a number of investigations 
that have made use of these tests will be summarized. (See 
page 53.) 


Wonderlic Personnel Test * 


This test is an adaptation of the higher form of the Otis Self- 
Administering Test and is particularly adapted to the needs of 
business and industry. The word personnel rather than mental 
ability or intelligence is used in the title to avoid the negative 
reaction that many applicants and employees have to a test 
that obviously deals with mental ability. The adaptation con- 
sisted in selecting from the original Otis Test those items that 
were found to differentiate most markedly between superior and 
inferior employees on various types of industrial and business 
jobs. The result of this careful selection of items is that for 
many industrial jobs the revision differentiates more satisfac- 
torily than does the original form, and that the test may be 
given in twelve minutes instead of the twenty or thirty required 
for the original test. The general form of the questions on the 
Wonderlic test is similar to that of the Otis test. The test is 
begun with such items as: 


Of the five things below, four are alike in a certain way. Which 
is the one not like these four? 
1. smuggle, 2. steal, 3. bribe, 4. cheat, 5. sell. Gs) 


The correct answer of course is sell, the other four choices 
all being alike in the fact that. each involves an element of 
dishonesty. 


The Revised Beta Examination ° 


This is a group test of mental ability that is strictly non- 
verbal; that is, it does not call for ability to read. It, is particu- 
larly useful in measuring persons who have a foreign language 
background or whose previous work or training has been such 
as to penalize them on a test that involves reading and 
language. 

4K. F. Wonderlic, Personnel Test, Form D (HE. F. Wonderlic, 919 N. Michigan 
Ave.. Chicago). 


5C, EH. Kellogg and N. W. Morton, Revised Beta Examination (The Psycho- 
logical Corporation, 522 Fifth Ave., New York, N. Y.). 
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The Psychological Examination of the American Council on Edu- 
cation ° | 

This is another group test of mental ability which, because of 
its longer time limit of fifty minutes, has not been used so ex- 
tensively in business and industry as has either of the fore- 
going tests. For some purposes, however, particularly college 
placement and vocational guidance, it has proved to be an excel- 
lent instrument. Several studies” indicate that it has also defi- 
nite value for business and industry. 
_ The preceding tests have been mentioned only as illustrative 
of the kinds of mental ability tests that are available. It is not 
our purpose here to attempt even a partial listing, to say 
nothing of an evaluation, of the many excellent measuring de- 
vices available in this field. //The Mental Measurements Year- 
book *® gives a fairly complete listing of intelligence tests. For 
most of the tests listed, the Yearbook gives the title, a descrip- 
tion of the group for which the test was constructed, the date of 
copyright or publication, whether the test is individual or 
group, the number of forms, the cost, the time required for 
administration, the author and the publisher, references to 
studies dealing with validity and reliability, and a brief evalu- 
ation of the test by one or more competent authorities, ) The 
industrial personnel man looking for a test that will serve some 
particular purpose can usually decide from the information 
given which test will be most likely to serve his purpose. y, 

Another list of mental ability tests that have been used suc- 
cessfully in business and industry is reproduced in Appendix 
C on page 369. 3 


What tests to use 


Once an employment manager has decided to use intelligence 


6L. L. Thuirstone and Thelma Gwinn Thurstone, Psychological Examination of 
the American Council on Education (Science Research Associates, 1700 Prairie 
Ave., Chicago, IIl.). 
7S. R. Laycock and N. B. Hutcheon, “A Preliminary Investigation into the 
Problem of Measuring Engineering Aptitude,” Journal of Educational Psychology, 
XXX (1939), pp. 280-289. 
J. B. Rhinehart, “An Attempt to Predict the Success of Student Nurses by 
the Use of a Battery of Tests,” Journal of Applied Psychology, XVII (1933), 
pp. 277-298. 
y & Oscar K. Buros, The 1938 Mental Measurements Yearbook (Rutgers University 
\ Press, 1938). 
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tests, it 1s not uncommon for him to ask a psychologist, “What 
intelligence test do you recommend?” It is difficult, if not im- 
possible, to give a categorical answer to this question. The test 
to use is the test that works, and all tests do not work equally 
well in all situations. Asking a psychologist what intelligence 
test he recommends is not unlike asking a physician what drug 
he recommends. The physician’s recommendation depends 
upon a number of factors which include what is wrong with the 
patient, what the drug is intended to accomplish, and the pres- 
ent physiological condition of the patient. The psychologist 
cannot answer the question ‘What test do you recommend?” by 
mentioning any specific test. The question can only be an- 
swered by summarizing the results of studies that have been 
obtained by using various tests and types of tests in industrial 
and business situations. The test to be used in any new situ- 
ation should then depend upon the extent to which the new 
situation is parallel or equivalent to those situations that have 
been studied. \ 


Mental Ability Tests in Clerical Selection 


Although a number of studies indicate that it is often advis- 
able to use a standardized intelligence test in the selection of 
persons for clerical jobs, it should be kept in mind that the 
term clerical is very broad. Under this category might be in- 
cluded regular clerks, comptometer operators, stenographers, 
secretaries, and persons on other related jobs. Even in any one 
subcategory—as stenographer—the importance of mental abil- 
ity might vary all the way from being an essential requisite on 
_ the job to being of no importance at all. For example, a secre- 
tary who is expected to answer mail during the employer’s ab- 
sence should have a high degree of what we ordinarily refer to 
as tact, Judgment, and discretion—the things that constitute 
mental ability. On the other hand, a secretary whose main 
function is to greet customers or guests in the outer office and 
to keep them happy and contented until the employer has time 
to see them does not need a high level of mental ability so much 
as she needs personal attractiveness, social intelligence, and the 
ability to carry on a light conversation. A standard mental 
ability test might be a very desirable instrument to use in se- 
lecting a secretary for the former type of work, though there 
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would be little to recommend such a test for the selection of the 
receptionist. Each test, therefore, must be evaluated in terms 
of whether it is measuring something that the employee must 
possess if he is to do the job well. If this point is kept in mind, 
we can readily understand why some investigators have found 
appreciable correlations between intelligence and clerical ability 
while others have reported little or no correlation. The choice 
of a test to be used, then, should depend upon the type of cler- 
ical ability under consideration. 

Typical of studies in this field is one made by McMurry ® who 
found correlations varying from .34 to .57 between Otis Intelli- 
gence Test scores and job efficiency among bank employees. 
The employees considered were for the most part engaged at 
least partially in a type of clerical work that involved careful 
and accurate computation and machine operation. Pond and 
Bills *° have reported a study which further shows the impor- 
tance of intelligence tests in selecting individuals for certain - 
types of clerical jobs. Their investigation shows that on the 
easiest Jobs the greatest turnover is among the employees with 
highest test scores, whereas on the more difficult jobs the great- | 
est turnover is among the employees testing lowest in mental 
ability. In other words, the more difficult clerical jobs call for 
employees with the type of ability that a mental ability test 
measures. If all the employees possessing such ability are 
placed upon such jobs, whereas those not possessing such ability 
are placed on the easier jobs, the total turnover of the em- 
ployees on both types of jobs will be definitely reduced. 

Shellow ™* reports some interesting correlations between intel- 
ligence test results and the ratings of ability of a group of 
stenographers. The employees studied were given two tests— 
an intelligence test and a test measuring proficiency in steno- 
graphic skills. The intelligence test contained proverbs, items 
of the completion type, the analogy type, and so on—all items — 
of the type included in most standardized tests of intelligence. 
It may safely be assumed that the particular test used measured 


9R. N. McMurry, “Efficiency, Work-Satisfaction and Neurotic Tendency. A 
Study of Bank Employees,” Personnel Journal, XI (1932), pp. 201-210. 

10M. Pond and M. A. Bills, “Intelligence and Clerical Jobs. Two Studies of 
Relation of Test Score to Job Held,” Personnel Journal, XII (1933), pp. 41-43. 

118. M. Shellow, “An Intelligence Test for Stenographers,” Journal of Person- 
nel Research, V (1926), pp. 306-308. 
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much the same aspect of mental ability that is measured by a 
standard intelligence test. The stenographic test was an ordi- 
nary test of proficiency in stenography of the type discussed on 
page 103. The correlations reported by Shellow are as follows: 


Intelligence Test versus Ranking ............ 73 
Proficiency Test versus Ranking ,............. 48 
Combined Tests versus Ranking ............. .59 (multiple r = .83) 
Intelligence Test versus Proficiency Test...... 12 


These correlations show that, for the group of stenographers 
studied, intelligence as measured was even more important than 
stenographic proficiency in determining rated ability on the 
job. The results also show, as might be expected, that the 
combination of intelligence and proficiency in stenography 
makes for a higher ability on the job than either of the two 
taken alone. It is interesting to note that the rough combina- 
tion of the intelligence and the proficiency tests gave a correla- 
tion with ranking of only .59, which was lower than the .73 
between intelligence alone and the ranking. This simply means 
that when two tests are to be combined for prediction the tests 
cannot be optimally weighted except in the light of the multiple 
correlations involved. As the table shows, when the optimal 
weighting had been obtained, the correlation was .83 between 
the combined score on the two tests and the ranking on the Job. 
~ In the selection of cashiers, Clarke” has reported correla- 
tions as high as .57 between productive efficiency as measured 
by transactions handled per day and scores on the Otis Test, a 
Sales Checking Test, a Change Making Test (speed and accu- 
racy), manual dexterity, and the Bernreuter Scale. The Bern- 
reuter Scale, which will be discussed later (see page 113), could 
hardly account for all of the relationship found. It seems clear, 
therefore, that the abilities tapped by the mental ability test 
are of primary importance in determining the job efficiency of 
the cashiers studied. A study by Stevens and Wonderlic * re- 
ports the relationship between scores on the Otis Mental Test 


12W. V. Clarke, “The Evaluation of Employment Tests,’ Personnel, XIIT 
(1987), pp. 1538-136. 

138. N. Stevens and E. F. Wonderlic, “The Relationship of the Number of 
Questions Missed on the Otis Mental Tests and Ability to Handle Office Detail,” 
Journal of Applied Psychology, XVIII (1934), pp. 364-368. 
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and ability to handle office detail. Their study indicates that 
the employees who missed most items on the Otis Scale are the 
ones most criticized by company supervisors. 

It would seem safe to conclude, on the basis of numerous 
studies such as those here summarized, that an employment 
manager can safely use some sort of mental ability test in 
selecting employees for most types of clerical jobs. 


Mental Ability Tests in Selecting for Other Jobs 


A number of other investigations suggest the usefulness of 
mental ability tests for selecting individuals for various types 
of jobs. Harrell** reports a correlation of .37 between Otis 
scores and the ability of cotton mill supervisors. Copeland * 
reports a low but positive correlation between a test battery 
made up of the Otis Test and the Minnesota Clerical Test and 
the ratings of supervisors, clerks, and enumerators in the census 
department. Wadsworth ** reports that among the entire force 
of a utility plant intelligence correlated .68 with “man-to-man” 
estimates by supervisors. He also reports that after testing was 
adopted as a part of the employment procedure, the percentage 
of unsatisfactory employees hired dropped from 29 per cent to 
5.5 per cent. Sheddan and Witmer” report that a battery of 
tests consisting of the Ohio State Psychological Test (an intelli- 
gence test), the Moss Social Intelligence Test, the Thurstone 
Personality Test, and a Relief Attitude Scale was found to have 
a correlation of .72 with job efficiency of 61 relief visitors as 
measured by their scores on a test of technical information 
about their duties and by merit rating of their performance by 
superiors. Holliday ** reports that an investigation of the selec- 
tion of apprentices for the engineering industry revealed that 
standard intelligence tests definitely improved selection. Monro 


14 W. Harrell, “Testing Cotton Mill Supervisors,” Journal of Applied Psychol- 
ogy, XXIV (1940), pp. 31-35. : 

15H. A. Copeland, “Validating Two Tests for Census Enumeration,” Journal 
of Applied Psychology, XXI (1937), pp. 230-232. 

16 G. W. Wadsworth, “Tests Prove Worth to a Utility,” Personnel Journal, XIV 
(1935), pp. 183-187. 

17B. R. Sheddan and L. R. Witmer, “Employment Tests for Relief Visitors,” 
Journal of Applied Psychology, XXIII (1939), pp. 270-279. 

18 F, Holliday, “An Investigation into the Selection of Apprentices for the 
Engineering Industry,” Occupational Psychology, XIV (London, 1940), pp. 69-81. 
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and Raphael*® found that a ten-minute test designed to 
measure intelligence, arithmetical accuracy, attention to in- 
structions, and tact significantly differentiated “good” from 
“fairly good” salesgirls. Laycock and Hutcheon *® found that 
a test battery consisting of high-school grades, the American 
Council Psychological Examination, Cox Mechanical Aptitude 
Test (see page 67), Minnesota Paper Form Board (see page 
66), and interest in physical science gave a multiple correla- 
tion of .66 with success in engineering. 


Jobs in Which Success Is Not Related to Mental Ability 


The preceding discussion of mental ability tests has involved 
a deliberate selection of investigations in which the tests have 
“come through.” It should be pointed out and emphasized that 
in a good many investigations the mental ability tests did not 
come through. One example of a failure of a mental ability test 
to contribute anything of value with regard to predicting prob- 
able success of employees is an extensive study by the follow-up 
method of 749 employees hired for bench work in the Hawthorne 
- Plant of the Western Electric Company.”* After these em- 
ployees had been on the job long enough to give a variety of 
indications of their success or failure on the job, including such 
things as promotion, average wage increase since hiring, merit 
ratings by supervisors, average teriure with the company, and 
freedom from accidents, the correlations were computed be- 
tween the several criteria of successful job performance and the 
original test scores obtained at the time of hiring. Of four tests 
given at the time of employment, one was the Otis higher form 
of the mental ability test. The Otis scores showed practically 
no relation with later success or failure of the employees on their 
shop assignments, though it is of interest to note that this test 
indicated ability to progress to higher level shop occupations or 
office jobs. In other words, the intelligence test was definitely 
an indication of “promotability.” However, two tests dealing 
with dexterity, also given at the time of hiring, did show a defi- 


19M. S. Monro and W. S. Raphael, “The Value of a Short Test for the Selec- 
tion of Workers,” Human Factor, VI (1932), pp. 244-246. 

20 Laycock and Hutcheon, op. cit. 

21“Analysis of 1935-37 Experience in Selecting New Men for Shop Occupa- 
tions.” Privately Printed Monograph (Western Electric Company, Hawthorne 


Plant, 1939). 
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nite relationship with later success of the employees. ‘These 
will be discussed on page 91. 

Still other investigations have shown that mental ability tests 
sometimes show a negative relationship with success on the job. 
For example, Tiffin and Greenly,”? in studying routine manipu- 
lative assembly, found a negative correlation between the Otis 
scores and both actual amount of production and supervisors’ 
ratings of productivity. This is in accord with studies already 
referred to by Bills ** and by Pond and Bills ** showing that in- 
dividuals who test high on mental ability usually should not be 
placed on routine, easy jobs. 


General Recommendations Concerning Mental Ability Tests 


After studying the preceding and similar investigations, one 
feels a strong temptation to generalize concerning the role of 
mental ability tests in business and in industrial employment 
offices. Such a generalization might be that mental ability tests 
are of value in selection and placement to the extent that the 
employees being hired are to be placed on jobs calling for adapt- 
ability, accuracy, carefulness, and the exercise of judgment in 
situations that are not likely to be exactly the same from day 
to day. At the other extreme, individuals testing average or 
below on mental ability tests would seem to be most suitable 
for Jobs involving a completely repetitive or mechanical type of 
- manipulation of a not-too-difficult nature. A question that will 
naturally be raised by the last statement is “how low can an 
individual be in mental ability and still be able to do satisfac- 
tory work on a routine manipulative job?” It would seem that 
for many simple and routine jobs, individuals testing at the 
very bottom on standardized tests of mental ability are as well 
or even better adapted than persons testing at average or above. 
Figure 18 shows the test profile of an individual who, for the 
two months period preceding the administration of the test, 
had consistently been the highest-producing operator among 42 
operators on this job. The job was one that involved routine 


22 Joseph Tiffin and R. J. Greenly, “Employee Selection Tests for Electrical 
Fixture Assemblers and Radio Assemblers,” Journal of Applied Psychology, 
XXIII (1939), pp. 240-263. j 

23M. A. Bills, “Relation of Mental Alertness Test Scores to Positions and Per- 
manency in Company,” Journal of Applied Psychology, VII (1923), pp. 154-156. 

24 Pond and Bills, op. cit. 
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manipulative assembly. It will be noticed that while this em- 
ployee is above average in dexterity, she is far below average in 
her Otis Test score. Indeed, one would conclude from a literal 
interpretation of this test score, in the light of the published 


Finger Hand 


Dexterity Precision 
Minutes to prror 
fill. board score score 


Ql a 
raf ssesual [see |_| soar 

[a [ease] | aoa) ves 

feet Pe 
PP raersf [usaf [om | 
Pep asoral | aeaet | ome | 
a 
ee 
ee 
oe eee 


Fic. 18—Psychograph of an operator 32 per cent above average production 
on manipulative work. 


Average 


norms for this test, that this employee is feeble-minded. How- 
ever, it should be kept in mind that these norms were derived 
from the point of view of an individual’s ability to succeed in 
adjusting himself to new and novel situations. The individuals 
who are lowest on this test might be most likely to succeed in 
jobs that do not call for such adaptation to new and novel situ- 
ations. Figure 19 shows a psychological profile for another indi- 
vidual who was very low on the Otis Test and yet who was close 
to the top in productivity on the job in question. 

Conclusions cannot, of course, be reached from such single 
cases. Yet when one considers that for the group as a whole 
negative correlations were found between mental ability test 
scores and productivity, and that a few individuals who tested 
at the very bottom on the Otis Test consistently led the group 
‘n productivity on the job, one is forced to conclude that it may 
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be a serious mistake to place persons scoring high in mental 
ability tests on jobs of this type, unless they are being given job 
experience in preparation for supervisory positions. 

The management of many industries has often made the mis- 
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Fig. 19—Psychograph of an operator 27 per cent above average production on 
manipulative work. | 


take, during times of depression when applicants are available 
in large numbers, of hiring only individuals who offer a certain 
minimum of education—for example, high-school graduates. 
When an employment manager hires only high-school graduates 
he is, in effect, hiring only individuals who are above a certain 
level of mental ability. The content of courses taught in high 
school has no relationship to an industrial plant assembly job. 
But we know that only individuals who on the average possess 
a certain minimum level of mental ability are able to pass these 
courses and be graduated from high school. Thus the selection 
of high-school graduates is equivalent to selecting only those 
individuals who make a certain minimum score on a mental 
ability test. In one department of a large industry which em- 
ployed approximately 400 operators for a routine job, the policy 
for several years during the depression of 1930 to 1935 was to 
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employ only high-school graduates. This hiring policy resulted 
in an unusually high turnover, since individuals with high men- 
tal ability left the job as quickly as they could find something 
better. The policy was accompanied by, and may actually have 
caused, a condition of unrest and dissatisfaction among the em- 
ployees. It has been said that nearly every individual finds 
some sort of outlet for whatever ability he may possess. It is 
not unreasonable to suppose that a large part of the unrest and 
dissatisfaction arising among the 400 employees in this depart- 
ment was due in no small measure to the fact that the high- 
school graduation requirement resulted in placing individuals 
on this job who in terms of ability were “above the job.” 

It should be re-emphasized at this point that the primary func- 
tion of mental ability tests in industry is to help the employment, 
manager in his placement of employees. Adequate placement 
means that some jobs should be filled by high-scoring individ- 
uals and that other jobs should be filled by low-scoring indi- 
viduals. A mental ability test is simply another tool that the 
employment manager may use in placing every individual on a 
job that is equal to and not above or below his natural level of 
accomplishment. 


Typical Group Mechanical Ability Tests 
Bennett Test of Mechanical Comprehension *° 


This test was developed to aid in selecting employees for jobs 
that require a mechanical “knack,” such as the operation of 
conversion machinery in a paper mill. The principle of the test 
is illustrated in Figure 20. The person tested is required to 
make a judgment from an examination of a drawing or sche- 
matic diagram. No mathematical or arithmetical computations 
are required, and the verbal or reading element is reduced to a 
minimum. As modern industry hires vast numbers of persons 
with practical mechanical experience but without formal educa- 
tion, the test fills a definite need in enabling an employment 
manager to measure mechanical ability among such persons. 
An illustration of the use of this test in a practical situation is 
given on page 74. 


25 George K. Bennett, Test of Mechanical Comprehension, Form AA (Psycho- 
logical Corporation, 522 Fifth Avenue, New York, N. Y., 1940). 
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Fic. 20—Two items 
~ from Form AA of the 
Bennett Test of Mechan- 


ical Comprehension. 


If the small wheel goes in the di- 
rection shown, in which direction 


will the large wheel go? 


Detroit Mechanical Aptitudes Examination” 

This test consists of several parts, some of which deal with 
the understanding of certain mechanical principles on a non- 
verbal level—such as the belt-pulley arrangement shown in 


26 Detroit Mechanical Aptitudes Examination for Boys (Public School Pub- 
lishing Co., Bloomington, Tll., 1928). 
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Figure 21—and others with familiarity with tools and power 
machinery used in a wood shop or a machine shop. Figure 22 


SPEED 


|DIRECTION| | 
A” LJlrastest ( ) 
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B 
F~ next ( 
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Fic. 21—An item from Part I of the Detroit Mechanical 
Aptitudes Test for Boys. The subject checks in the indicated 
blanks to show the direction and speed of the several pulleys. 


CARRIES BELT----—----( ) 
ADJUSTS HEIGHT OF REST—--(__) 
SUPPORTS TOOL--—-—-—-—- is) 
OILS BEARING———- —-—-— —-- fis) 
FASTENS TAIL STOCK CENTER-(_) 
REVOLVES WORK- —-—-———— + ) 
ADJUSTS TAIL STOCK CENTER-() 
HOLDS WORK-——-— —-—-—--— Cee 
FASTENS TAIL STOCK—---—(___) 
HOLDS DRILL—-——--——-—--— Uaican) 
HOLDS EMERY WHEEL-—--(_) 


Fig. 22—An item from another part of the Detroit 
Mechanical Aptitudes Examination for Boys. The 
parentheses are to be filled in with the correct numbers. 
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illustrates one item from a part of the test that deals with power 
machinery. Perhaps the major differences between the Bennett 
Test of mechanical comprehension and the Detroit Mechanical 
Aptitudes Test is that the latter is based to a much greater ex- 
tent upon familiarity with actual tools and machines. This 
statement is not intended as a criticism of either test. It means 
simply that the tests are likely to find their greatest degree of 
usefulness with different groups of applicants. 


Stenquist Mechanical Aptitude Test * 


This test is one of the oldest and perhaps one of the best 
known of all tests in this general field. It was first published in 
1921 and at that time represented a real achievement in the ap- 
pheation of group testing methods to the measurement of me- 
chanical ability. An item from this test is illustrated in Figure 
23. The Stenquist test, like the Detroit test, is based to a large 
extent upon familiarity with actual shop machinery. This char- 


Re er 


1 -Oiulisskept from :dripping, on.. the flooraly.. .ecmeeraian eee it 
2. «ihe belt “is. pushed ‘back “and ‘forth by part\ seat. 5 eee 2 
3 If pulley R is loose on the shaft, write L. If it is fastened to the 
shaftvand turns. with it, write Pvxecsui. Wegener oes on 3 
4 Does the belt which drives this machine run on pulley marked R? 
Writecy it-yeos Noto 26 2.05 oh as ee eens ey a + 
5 Look at the two pulleys A and B. If both turn with the shaft Z, 
write B. If neither does, write N. If only one does, write O... 5 


Fic, 23—An item from the Stenquist Mechanical Aptitude Test. The questions 
are to be answered by filling in the blanks at the right. 


27 J. L. Stenquist, Mechanical Aptitude Test (World Book Company, 1921). 
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acteristic is illustrated in Figure 23, which shows an overhead 
pulley assembly. 


O'Rourke Mechanical Aptitude Test * 


This test, like the Stenquist test described above, measures 
knowledge of and familiarity with tools and operations involved 
in shop work. It is, therefore, basically an achievement test 
rather than an aptitude test. However, experience has shown 
that applicants who have the aptitude for mechanical achieve- 
ment ordinarily create for themselves opportunities for familiar- 
izing themselves with shop equipment, and that such applicants 
are able, because of this experiential background, to obtain 
favorable scores on this and similar tests. This fact justifies the 
use of this type of test as an aptitude test for selecting appli- 
cants who are to receive additional training, such as apprentices. 
An illustrative item from the O’Rourke Mechanical Apti- 
tude Test is shown in Figure 24 on page 65. 


Revised Minnesota Paper Form 
Board Test *” 


This is a unique test that deals 
with ability to visualize and assem- 
ble a set of blocks mentally. It 
largely eliminates the element of fa- 
miliarity with actual tools or ma- 
chines. The test consists of a series of 
items, such as the one illustrated in 
Figure 25. These items vary from 
simple problems, which are success- 
fully solved by nearly 100 per cent of 
industrial applicants, to problems so 

Fic. 25—An item from the difficult that an extremely high de- 
Minnesota Paper Form Board foes li . . . 

Test. The person tested is Sree Of visualization is required for 
asked to select the set of let- their solution. An illustration of the 
tered parts (A,B, C, D, or E) . : 
Whi eeemetittiod by thee of an early form of this test in a 
parts shown in the upper-left practical situation is given on page 
square. As 


28. J. O'Rourke, O’Rourke Mechanical Aptitude Test (The Psychological In- 
stitute, 1937). 

29 Minnesota Paper Form Board Test (Science Research Associates, 1700 
Prairie Ave., Chicago). 
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MacQuarrie Test for Mechanical Ability * 


Although this scale is called a mechanical ability test, it deals 
more with dexterity than with an understanding of mechanical 
principles or familiarity with tools and instruments. <A descrip- 
tion and discussion of it therefore will be given in the section on 
dexterity tests rather than in the present treatment of mechan- 
ical ability tests. 


Typical individual Tests of Mechanical Ability 


All of the preceding tests are of the group variety; that. is, 
they are accomplished with paper and pencil and may be given 
to a large number of applicants or employees at the same time. 
Several individual tests of mechanical ability in this field are 
also available. These make use of apparatus and can usually 
be given to only one or two persons simultaneously. 


Cox Mechanical Models Test ** 


This test consists of a series of mechanical models such as the 
one illustrated in Figure 26. The person tested is shown the 
view of the model illustrated on the left of this figure and is 


PROBLEM SOLUTION 
Fic. 26—One of the problems from the Cox Mechanical Models Test. 


shown further, by the operation of the model, that as Lever A is 
moved up and down, Lever B follows this vertical movement. 
The task of the person being tested is to show, by simple sketch 
or design, what mechanism must be involved in the model in 
order to accomplish this result. The correct mechanism is 
shown in the sketch at the right, and the sketching of the 


30 See page 83. 
31 J. R. Cox, Mechanical Aptitude (Methuen and Company, Ltd., London, 
1928). 
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mechanism’ is considered the correct solution of the problem. 
The test in all contains eight such models varying in complexity 
from the rather simple type of problem illustrated in Figure 26 
to problems considerably more complex. 

It should be mentioned that the Cox tests also include a num- 
ber of printed problems, involving somewhat similar models, 
which may be given to groups. The Cox tests in their entirety, 
therefore, embrace both the individual and group forms of 
testing. | 


Minnesota Mechanical Assembly Test * 

This is another individual test of mechanical ability which has 
been found useful in a number of industrial situations. One 
form of the test is illustrated in Figure 27.(_It consists essen- 
tially of a number of commonplace mechanical devices such as a 


bly 


safety razor, a mousetrap, and an electrical plug fixture, all of 
which may be easily taken apart and re-assembled. The person 
tested is required to assemble the parts of each article into the 
finished product. One criticism that has been leveled against 
this type of test is that the persons tested are likely to Vary in 
their familiarity with the various items, and hence the test is 
likely to measure this familiarity rather than mechanical ability. 
In spite of the validity of this criticism from a theoretical view- 


32.D. G. Paterson, R. M. Elliott, L. D. Anderson, H. A. Toops, and E. Heid- 
breder, Minnesota Mechamcal Ability Tests (University of Minnesota Press, 
1930). 
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point, the fact remains that, in practical situations, the test has 
shown itself to be a serviceable measuring scale. This fact, 
rather than a theoretical criticism, is the basis upon which it 
should be evaluated. : 


O'Connor Wiggly Block Test *° 


Another test that has become well known within the past few 
years, particularly among industrial men, is the O’Connor 
Wiggly Block Test. This test consists of nine pieces of wood 
cut after the fashion of a three-dimension jig-saw puzzle so that 
the parts may be assembled into a single rectangular block. Ex- 
perimental investigations of this test, such as the one reported 
by Remmers and Schell,** indicate that its validity is high 
within the limit of its reliability, but that the coefficient of re- 
liability of the test is only .385. This low reliability is no doubt 
due, at least in part, to the fact that the entire test consists of 
assembling a single block; that is, the test really consists of only 
a single item or task. Experience has shown that the reliability 
of a test is nearly always increased by increasing the length or 
content of the test. This is due to the simple fact that, with a 
large sampling of behavior responses of the person tested, a 
chance success or failure on one or two items will not appreci- 
ably affect the total score. But if a whole test consists of only 
one item or task, the chance element becomes very important in 
determining the final test score. Thus with only a single test 
item, such as the Wiggly Block, high reliability could hardly be 
expected. It is quite possible that the reliability of this test 
would be much higher if it consisted of a series of such blocks 
similar in principle but differing slightly in design. 

Since such a set of test blocks is not at present available, it is 
suggested that users of the Wiggly Block Test use it in conjunc- 
tion with other tests of mechanical comprehension and interpret 
the Wiggly Block score only as a part of a more complete test 
profile. This procedure will avoid the mistakes in measurement 
that are likely to result when complete confidence is placed in a 
one-item test. 


32 Johnson O’Connor, Born That Way (The Williams and Wilkins Co., 1928). 
34 H. H. Remmers and J. W. Schell, “Testing the O’Connor Wiggly Block Test,” 
Personnel Journal, XII (19838), pp. 155-159. 
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Purdue Mechanical Assembly Test *° 


This test, illustrated in Figure 28, consists of a series of eight 
boxes of uniform floor area. In each box a mechanism may be 
assembled so that a certain type of mechanical action takes 
place. The person tested is first shown the nature of the task by 
means of a simple illustrative box, and then is allowed a certain 
predetermined time for assembling the mechanism in each box. 

The test involves several changes over previous mechanical 


Fig. 28—Purdue Mechanical Assembly Lest. 


assembly tests. The mechanisms involved are entirely new to 
all testees. They do not consist of familiar objects such as have 
been utilized in many mechanical assembly tests. The series of 
boxes encompasses every principle of mechanical operation, that 
is, various types of levers, gears, rack, pinion, worm, and so on. 
A sufficient number of assembly tasks are included so that a 
satisfactory reliability has been achieved (r = .88). Studies on 
the validity of this test are discussed on page 74. 


General Versus Specific Factors in Mechanical Ability 


In considering the preceding tests of mechanical ability or 


35 M. R. Graney, “The Construction and Validation of a New Type of Mechan- 
ical Assembly Test,” Ph.D. Thesis, Purdue University (1942). 
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comprehension, several questions are likely to arise in the mind 
of the reader. Why is it necessary to have several tests of me- 
chanical ability rather than just one? Is mechanical ability a 
single, unitary characteristic, like height or weight, or is it a 
series of partially unrelated abilities, like musical talent? Are 
there different types of mechanical ability that are needed in 
different amounts for success in different mechanical jobs? 

‘Although these questions have not been finally answered by 
psychological experiments, sufficient data are available to justify 
certain general statements upon which the answers depend. 
Evidence from several studies shows that some degree of general 
or common element is involved in the skills or abilities that we 
ordinarily think of as mechanical abilities. In Stenquist’s *° 
early work, it was found that a series of mechanical tests showed 
average correlations with each other in the neighborhood of .65. 
Such high intercorrelations can be explained only in terms of a 
general factor operating in all of the tests. The work of Cox *” 
also supports the concept of a general factor in operations in 
which the subject is called upon to deal mentally with mechan- 
ical movements. 

In support of the contrary idea—that most mechanical tasks 
are essentially different from each other and consequently call 
for a specific type of mechanical ability—Viteles ** mentions 
specifically the work of Perrin,®® Muscio,*° and Seashore.** 
However, a comparison of the kinds of tests used by Stenquist 
and Cox, on the one hand, and Perrin, Muscio, and Seashore, on 
the other, reveals that the tests employed by the former men 
deal primarily with mental comprehension or understanding of 
mechanical principles, whereas those used by the latter group 
are primarily tests of muscular co-ordination or dexterity. In 
view of this marked difference in the nature of the tests them- 


36 J, L. Stenquist, ‘Measurements of Mechanical Ability,’ Columbia Univer- 
sity Contributions to Education (1923), No. 130. 

37 Cox, op. cit. 

38M. 8. Viteles, Industrial Psychology (W. W. Norton & Co., 1932). 

39 F, A. C. Perrin, “An Experimental Study of Motor Ability,” Journal of 
Experimental Psychology, IV (1921), pp. 24-56. 

40 B. Muscio, “Motor Capacity with Special Reference to Vocational Guidance,” 
British Journal of Psychology, XIII (1922), pp. 157-184. 

41 R. H. Seashore, “Stanford Motor Skills Unit” Psychological Monographs, 
XXXIX (1928), pp. 51-66, and “Individual Differences in Motor ove ” Journal 
of General Psychology, IIL (1930), pp. 38-66. 
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selves, it is not surprising that different conclusions concerning 
the existence of a general factor were reached. In the mental 
aspects of mechanical ability, that is, in the understanding of 
mechanical principles, there seems to be considerable evidence 
for the existence of a general factor, which, when present, will 
enable the applicant to perform well on most or all tests of me- 
chanical comprehension. But in the manipulative aspects of 
muscular performance, we most certainly agree with Seashore’s 
conclusion that ‘the independence of skills measured by these 
[motor] tests argues against any theory of general motor 
ability.” 

A consideration of the skills demanded of the industrial 
tradesman or skilled machine operator indicates that this em- 
ployee usually succeeds or fails in proportion to his training and 
general mechanical comprehension, not in proportion to his 
basic dexterity. This does not mean that successful tradesmen 
do not need skilled movements, but it does mean that such mus- 
cular co-ordination as may be needed can be developed by the 
majority of tradesmen in training and that it is a lack of me- 
chanical comprehension, rather than inability to develop the 
muscular aspects of the job, that may prevent them from be- 
coming really proficient in this line of work. For this reason, 
tests such as the Bennett, Stenquist, O’Rourke, and Revised 
Minnesota Paper Form Board are more serviceable in selecting 
apprentices for the several trades than are tests of muscular 
co-ordination or dexterity. It is unlikely, however, that any one 
of the above tests can be used as a substitute for the others. As 
mentioned in their respective descriptions, these tests differ 
markedly in content, and these differences often result in one or 
another of the tests being adapted to specific industrial jobs. 
In evaluating these tests for any specific purpose it is neces- 
sary to determine experimentally which type of test correlates 
with known ability on the job in question. Any company con- 
templating the use of mechanical comprehension tests should 
carry on sufficient experimentation in its own plant to be sure 
that the tests used are actually measuring what is desired in the 
employee. The following sampling of studies of this type illus- 
trates what may be expected of these tests if care is used in their 
selection and validation. 
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Uses of Mechanical Ability Tests 
Selection of pressmen and machine operators 


_ Hall * has reported a study in which the relationship was de- 
termined between scores on the Minnesota Paper Form Board 
Test and ratings of skill of 89 job and cylinder pressman ap- 
prentices. A correlation of .58 was found between test scores 
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Fig. 29—Relation between score on Bennett Test of Mechanical Comprehension and 
rated ability of paper machine operators. l 


\ 


and rated job ability. It was also found that 70 per cent of the 
inferior workers obtained test scores below 45, whereas only 6 
per cent of the workers of average skill and 5 per cent. of those 
of superior skill received scores below 45. Hall concludes from 
this investigation that this test may profitably be used as one 
tool in the selection of pressman apprentices. 


420. M. Hall, “An Aid to the Selection of Pressman Apprentices,’ Personnel 
Journal, IX (1930), pp. 77-85. 
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_ Shartle ** has reported similarly favorable results from a bat- 
tery of tests designed to select electrical troublemen. Shartle’s 
final battery consisted of six tests, several of which were similar 
in general content to the mechanical ability tests described in 
the preceding section. His results show that the scores on this 
test battery correlated .67 with foremen’s ratings of ability on 
the job. 

In an unpublished study by the author, a correlation of .47 
was found between scores on the Bennett Test of Mechanical 
Comprehension and foremen’s ratings of job performance for a 
group of forty-seven paper machine operators. <A scattergram 
showing the relationship between rated job performance and 
test scores for this group is shown in Figure 29. Although the 
relationship as revealed m this scattergram is far from perfect, 
it will be noted that a critical score set anywhere between thirty 
and fifty items correct will divide the employees so that those 
scoring above the critical score will include a definitely higher 
percentage of high-ability employees than will be found among 
those scoring below the critical score. For example, ten of the 
eleven employees testing above fifty-one on this test are in the 
top half of the distribution according to rated performance on 
the job. Harrell ** reports a similar study of the relationship 
between mechanical ability test scores and the job performance 
of cotton mill machine fixers. In this investigation it was found 
that a fifteen-item adaptation of the Stenquist test showed a 
correlation of .42 with foremen’s ratings of the job performance 
of the employees. 

In a study of power sewing machine operators conducted by 
Otis,” it was found that a battery of tests which included the 
Minnesota Paper Form Board Test yielded a multiple correla- 
tion of .57 against the quality of work of these operators. 

An investigation with the Purdue Mechanical Assembly 
Test “ showed that this test correlated .55 with supervisors’ rat-_ 


43 C, L. Shartle, “A Selection Test for Electrical Troublemen,” Personnel Jour- 
nal, XI (1932), pp. 177-183. 

44W. Harrell, “The Validity of Certain Mechanical Ability Tests for Selecting 
Cotton Mill Machine Fixers,” Journal of Social Psychology, VIII (199%), “DP: 
279-282. 

45 J. L. Otis, “The Prediction of Success in Power Sewing Machine Operating,” 
Journal of Applied Psychology, XXII (1938), pp. 350-366, 

46 Graney, op. cit. 
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ings of machinists and machinists’ helpers in one plant. In an- 
other plant, a correlation of .35 was found between the test 
scores and ratings of machinist apprentices by their instructors. 


Selection of students for vocational training 


Tests of mechanical ability or comprehension are not limited 

in their application to the machine operating and maintenance 
jobs of modern industry. A number of investigations have 
shown that such tests are ideally suited as a part of an aptitude 
test battery for the prediction of success in several types of vo- 
cational training. (F or example, Laycock and Hutcheon ** have 
reported that a test battery consisting of high-school grades, the 
American Council Psychological Examination, the Cox Mechan- 
ical Aptitude Test, the Minnesota Paper Form Board Test, and 
a questionnaire covering interest in physical science gave a mul- 
tiple correlation of .66 with later achievement in engineering 
courses. 
/ From such investigations as these we may safely conclude that 
mechanical aptitude or comprehension tests furnish a real aid 
to the employment manager in the selection of employees for a 
wide variety of industrial jobs. In general, these tests do not 
measure the same capacities or abilities that are measured by 
general mental ability tests, as evidenced by the fact that a 
study from the Hawthorne works of the Western Electric 
Plant ** shows a correlation for 749 employees of only .39 be- 
tween the Otis Self-Administering Test of Mental Ability and 
the Minnesota Paper Form Board Test. This does not mean 
that one should adopt the either-or philosophy of using a mental 
ability test or a mechanical comprehension test. Rather it 
means that one should use in proper combination whatever tests 
have been found Me ON to relate to success on the job in 
question. ~ 


What Mechanical Aptitude Tests Should Be Used 


The remarks made on page 52 relative to the choice of a suit- 
able intelligence test for amy given job apply also to the choice 
of a mechanical aptitude test. 

The several available mechanical atanede tests differ in con- 


47 Layeock and Hutcheon, op. cit. 
48 Western Electric Company, op. cit. 


76 MENTAL AND MECHANICAL TESTS 


tent, emphasis, extent to which they measure aptitude or 1m- 
mediate knowledge, and in several other respects. ‘These differ- 
ences result in the several tests being of quite different value 
for different jobs of placement. No one can say with certainty 
which test will be of greatest value in selecting employees for a 
specific job without carefully studying the relationship between 
test scores of employees on that job and their actual job success. 
The fact that several tests of mechanical aptitude are available 
increases the chances that at least one of these will be suitable 
for any specified purpose if a sufficient study of the job is made 
to locate the proper test. With experience, one can make a rea- 
sonably judicious choice from a careful study of the job and an 
analysis of the content of the various tests available. But such 
a choice should always be checked by correlating the test scores 
against actual success on the job; and the final decision as to 
whether or not the test is to be used should be based upon the 
size of this correlation rather than upon a subjective judgment 
as to the suitability of the test. 


4 
Dexterity, Manipulative, and 
Achievement Tests 


A PREVIOUSLY discussed principle of testing is that usually no 
single test is sufficient for prediction of job success. Just as most 
jobs call for a combination of aptitudes, so adequate placement 
calls for a combination of psychological tests. In addition to de- 
termining the mental ability..or—mechanical aptitude require-_ 
‘ments of a job, it is often necessary to determine the amount of 
muscular co- -ordination, bodily dexterity, and aptitude for ma- 
_hipulative work. that.the-job-requires. 


Dexterity Not Related to Mental Ability or Bodily 


Measurements 


Dexterity and mental ability 


The measurement of dexterity and of mental ability requires 
entirely different kinds of tests. The layman often assumes that 
the person who is “clever with his head” is also “clever with his 
hands,”.and that the individual who is high in mental ability is 
likely to be equally high in bodily dexterity, muscular co-ordina- 
tion, and aptitude for learning skilled movements. Such is not 
the case. Numerous investigations have shown that the correla- 
tion between muscular skills and mental skills is very close to 
zero. This, of course, does not mean that the individual who is 
above average in one is likely to be below average in the other; 
but it does mean that it is impossible to predict whether an in- 
dividual who is high in one will be high, average, or low in the 
other. In an investigation of the Western Electric Company,’ 
the correlation between the O’Connor Finger Dexterity Test 
(described on page 78) and the Otis Mental Ability Test was 


1 Analysis of 1935-37 Experience in Selecting New Men for Shop Occupations. 
Privately Printed Monograph. (Western Electric Company, Hawthorne Plant, 
1939.) 
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found to be .07. The correlation between the Hayes Pegboard 
(another dexterity test described on page 80) and the Otis Test 
was found to be zero. Each of these correlations was based on 
test scores of 749 employees. These results are typical of the 
results of many similar investigations. They prove that one 
cannot measure finger or hand dexterity by means of a mental 
test, nor mental ability by means of a dexterity test. If one 
wishes to determine how much dexterity an applicant possesses, 
he must measure that dexterity by means of a dexterity test de- 
signed for a particular purpose. 


Dexterity and bodily measurements 


Neither is there any relation between anthropometric meas- 
urements and dexterity. Some employment managers judge the 
dexterity of an applicant by examining his hands and fingers; 
but when careful anthropometric measurements are made and 
the results correlated against the measured dexterity of the ap- 
plicants, no significant relationships have been found. This 
conclusion was reached by Griffitts? and has been corroborated 
by other investigators. Perhaps in extreme cases, where an ap- 
plicant has fingers that are stiff or very stubby, one could predict 
from an examination of his hands that he would probably be low 
in finger dexterity; but in the great majority of cases such a 
judgment would be no more than a guess. What an applicant 
can do with his hands, not the appearance of the hands, deter- 
mines his qualifications for a manual dexterity job. 


Typical Dexterity Tests 
The O'Connor Finger Dexterity Test ° 


This test, illustrated in Figure 30, is a widely used manipula- 
tive test. The equipment for giving the Finger Dexterity Test 
consists of 310 cylindrical brass pins one inch in length and .072 
inch in diameter placed in a shallow tray, about 5 by 6 inches, 
with gently sloping sides, and a metal plate in which 100 holes 
have been sunk to a depth of 2 inch with a number 9 drill. The 
diameter of the holes is .196 inch; they are spaced 4 inch apart, 
thus forming ten rows of ten holes each. 


2C. H. Griffitts, “The Relation Between Anthropometric Measures and Manual 
Dexterity,” Journal of Applied Psychology, XX (1936), pp. 227-235. 
3 For reference and source of this test, see Table VI on page 86. 
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After a brief period of preliminary instruction the applicant 
is asked to fill the board—three pins to a hole—as quickly as 
possible. The frequency distributions shown in Figure 9, page 
12, were obtained by means of the O’Connor Finger Dexterity 


Fig. 30—O’Connor Finger Dexterity Test. 


Test. These distributions show that the time required to fill the 
board varies from around five to around fifteen minutes depend- 
ing upon the amount of finger dexterity possessed by the appli- 
cant. The reliability of the test, obtained by correlating the 
first half against the second half, is .98. A number of investiga- 
tions showing the practical applications of this test in industrial 
situations are discussed on pages 85-92. 
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The Hayes Pegboard * 


This test, illustrated in Figure 31, also measures finger dex- 
terity but involves, in addition, an element of hand and arm co- 
ordination. The board contains two rows of 26 holes. The rows 
are one inch apart and the holes in each row are spaced one-half 
inch apart. Each hole is .125 inch in diameter. The two boxes 
containing the pins each have inside measurements of 22 inches 


Fic, 831—The Hayes Pegboard. 


by 14 inches by 1 inch. The pins are 14 inches long and .115 
inch in diameter. The center of the top hole in each row is $ of 
an inch from the closest inside edge of the pin box. 

The administration of the test calls for a brief (ten or fifteen 
second) practice period after which the applicant is given nine 
trials of one-half minute each. These nine trials are arranged 
as shown in Table V. 

The score on this test is the total number of pins placed dur- 
ing the 44 minutes of actual testing time distributed in the nine 
trials summarized in Table V. Specific studies in which this test 
has been found of value in placement are discussed on page 88. 


4 Elinor G. Hayes, “Selecting Women for Shop Work,” Personnel Journal, XI 
(1932), pp. 69-85. 
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TABLE V 
SEQUENCE OF TRIALS IN ADMINISTERING THE HAYES PEGBOARD 
Trial Time Description 

1 2 minute Placing pins from right box in right row with right hand. 

2 1 minute Placing pins from left box in left row with left hand. 

3 1 minute Simultaneously placing pins from right box in right row 
with right hand and from left box in left row with 
left hand. 

4 i minute Placing pins from right box in right row with right hand. 

5 i minute Placing pins from left box in left row with left hand. 

6 1 minute Simultaneously placing pins from right box in right row 
with right hand and from left box in left row with left 
hand.: 

7 1 minute Placing pins from right box in right row with right -hand. 

8 : minute —_ Placing pins from left box in left row with left hand. by 

9 1 minute Simultaneously placing pins from right box in right ‘Tow 
with right hand and from left box in left row with: left 
hand. 


Purdue Dexterity Test ° 


This test, which is illustrated in Figure 32, measures sep- 
arately two basic aspects of manipulative dexterity. The as- 
sembly of a series of pin-collar-washer arrangements measures 
fine finger dexterity of the type measured by the O’Connor 
Finger Dexterity Test. The placing of pins into a series‘of holes 
measures manual dexterity of the type involved in the Hayes 
Pegboard. These two measurements may be obtained with the 
same board and require only 24 minutes of testing time. The 
Purdue Dexterity Test results in separate measurements for 
right hand, left hand, and both hands. 

A further advantage of the Purdue Dexterity Test is that it 
can be given to ten or more persons simultaneously. All that is 
required for such group testing is a test board for each person 
and the careful attention of the test administrator. In one in- 
dustrial employment office this test. has been successfully given 
by a single examiner at the rate of fifty applicants per hour. Ten 
test boards were used simultaneously in this office. | 


Purdue Hand Precision Test 
This test, which deals particularly with precision of hand 
movement, is illustrated in Figure 32. The applicant punches a 


5 Distributed by Science Research Associates, 1700 Prairie Ave., Chicago, Uae 
For reference, see Table VI, on page 86. 
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stylus successively into holes that are uncovered by a rotating 
shutter at the rate of 126 holes per minute. The holes uncov- 
ered are .5 inch in diameter and are located on the corners of an 
equilateral triangle measuring 3.5 inches on a side. 


Fig. 32A—Purdue Hand Precision Test. 


The applicant is shown that his task is to punch the stylus 
into each hole as it is uncovered without allowing the stylus to 
touch the side of a hole or be caught by the rotating shutter. 
The shutter is driven by a friction clutch so that in case the 
stylus is caught the apparatus is not damaged. After a thirty- 
second practice period, a switch is thrown that connects a cumu- 
lative timer which operates whenever the stylus is in contact 
with the side of a hole or the shutter. The test consists of a 
two-minute period of punching which follows immediately and 
without interruption after the practice period. The score is the 
number of seconds of contact time (contact of stylus with side 
of hole or shutter) occurring during the two-minute testing pe- 
riod. The score measures inaccuracy; thus the larger the figure, 
the poorer the score. Studies in which this test has “come 
through” are summarized on page 272. 
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MacQuarrie Test for Mechanical Ability 


The dexterity tests described above are instrumental and all 
but the Purdue Dexterity Test must be given individually. This 
is true of most dexterity tests. A few are of the paper-and-pencil 


Fic. 82B—Purdue Dexterity Test. 


type and are therefore adapted to group testing. Of these, 
one of the most serviceable is the MacQuarrie Test for Me- 
chanical Ability... Several parts of this test are illustrated in 
Figure 33. The test measures speed and accuracy of tracing, 
tapping, dotting, copying, letter location, block identification, 
and visual pursuit. The first three of the parts deal primarily 
with manual dexterity. The several parts may be scored sep- 
arately. This makes it possible to correlate each part against a 
criterion and determine the optimal weighting of the parts for 
any specific type of predictive use. 


Other dexterity tests 


A dexterity test that worked well in placing Pata on the 
job of looping 1 in the hosiery industry is made with a grooved 


6T. W. MacQuarrie, MacQuarrie Test for Mechanical Ability (California Test 
Bureau, 1925). 
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pegboard. This test calls for a board containing five rows of 
five holes each. The holes are .125 inch in diameter and are 
spaced $ inch apart. On one side of each hole a groove has been 
cut. The location of these grooves is varied randomly from one 


Tracing: Applicant draws a line from “start”? to X without crossing a vertical line. 


OOO OOOO 


Dotting :. Applicant places three dots in each circle as quickly as possible.. 


Copying: Applicant reproduces the drawings by. connecting the appropriate dots in 
the area to the right of each drawing. 


Fic. 33—Several parts of the MacQuarrie Test for Mechanical Ability. This test. 
is essentially a group test of muscular co-ordination and control. 


hole to another. Each of the pins to go in the holes has a key 
along one edge so that the pin may be inserted in the hole only 
when. the key and groove are located correctly with respect to 
each other. This test is referred to as the Purdue Grooved Peg- 
board. The test is scored by determining the average time re- 
quired to fill the board for the third and fourth trials of four 
that are allowed. 

Many other tests of dexterity; muscular co-ordination, or ma- 
vipulative ability are available. Some of these are specifically 
adapted to certain jobs and are of little value for other types of 
placement. Others have been found suitable as placement tests 
for several different kinds of jobs. Before accepting any one of 
these tests as suitable for any given job, one should be sure the 
test actually “comes through” in an evaluation of the type de- 


/ 
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scribed on pages 25-30. The names and sources of some of the 
more commonly used tests of this type are summarized in 
Table VI. 

The Uses of Dexterity Tests 


It has been amply proved both by experiment and experience 
that the finger and manual dexterity of applicants, as well as 
their muscular co-ordination, is revealed much more accurately 
by dexterity tests than by any other procedure that may be used 
at the time of placement. As Hurt’ has said, “Remarkable dif- 
ferences among individuals have been revealed by these tests, 
differences which a simple interview would never have brought to 
light.” The magnitude of these differences in the case of finger 
dexterity has already been indicated by Figure 9 on page 12. It 
remains now to discuss the relation between dexterity, as meas- 
ured by such tests, and efficiency on the job after the employees 
have been placed. 


Finger dexterity in watch making 


Candee and Blum * have reported a study of the relation be- 
tween finger and tweezer dexterity and the efficiency of work- 
ers in a watch factory. They found a statistically significant 
difference between average scores on the O’Connor Finger Dex- 
terity Test of the superior and mediocre workers. This relation- 
ship is represented by a correlation of .26 between foremen’s 
ratings and test scores. The fact that the obtained correlation 
was no higher was due, in all probability, to the unreliability of 
the foremen’s ratings. However, even with a validity coefficient 
of .26, the test will have real value as a placement device if a 
sufficiently small selection ratio is utilized. A tweezer dexterity 
test ° (a similar test in which a pair of tweezers instead of the 
fingers is used in placing the pins), on the other hand, showed 
practically no relationship with foremen’s ratings. One might 
conclude, a priori, that since much of the work in a watch factory 
is done with a pair of tweezers, a test involving tweezer dexterity 
would be a more desirable test for this type of work than one 
involving finger dexterity. The experimental facts, however, 


7 J. Hurt, “Evaluating Applicants by Dexterity Testing,” Employment Service 


News, VI (1939), pp. 7-8. 

8B. Candee and M. Blum, “Report of a Study Done in a Watch Factory,” 
Journal of Applied Psychology, XXI (1937), pp. 572-582. 

9 For reference and source of this test, see Table VI on page 86. 
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support the opposite conclusion. This case will serve to illus- 
trate again that tests should not be accepted merely because of 
logical considerations in the absence of experiments which clearly 
show whether they will or will not work for the job in question. 


Finger dexterity in small assembly work 


A study of the O’Connor Finger Dexterity Test in selecting 
electrical fixture assemblers and radio assemblers has been re- 
ported by Tiffin and Greenly.*® In the case of electrical fixture 
assemblers, after experience on the job had been ruled out by 
partial correlation, the test scores were found to correlate with 
productivity, as indicated by earnings, to the extent of .22, and 
to correlate with general efficiency as indicated by merit ratings 
to the extent of .33. Although these validity coefficients are not 
as high as might be desired, the statistical chances are ninety- 
eight out of one hundred that even the lower one represents a 
real relationship between the test scores and production. If the 
selection ratio is kept small, say in the neighborhood of .10, one 
may reasonably expect the test to be a definite value in placing 
employees on this job. 

In the case of radio assemblers, no objective criterion of 
employee success was available because the wiring of a radio is 
a line assembly job and the operators are paid on a straight 
hourly basis. In the absence of differential earnings, pooled 
ratings of the employees by four raters (the department. fore- 
man, line foreman, former line foreman, and personnel manager) 
were used as the criterion of employee efficiency. These pooled 
ratings had a reliability of .77. With experience on the job 
held constant by partial correlation, the correlation between 
these pooled ratings and finger dexterity test scores was .27. It 
might be added that a composite test: score obtained by combin- 
ing the finger dexterity scores with scores on the hand precision 
test (see Figure 32), visual acuity, and color perception gave a 
multiple correlation of .60 with rated efficiency on the job. 


Dexterity on other jobs 
An experiment showing the value of dexterity tests in select- 


10 Joseph Tiffin and R. J. Greenly, “Employee Selection Tests for Electrical Fix- 
ture Assemblers and Radio Assemblers,” Journal of Applied Psychology, XXIII 
(1939), pp. 240-263. 


88 DEXTERITY, MANIPULATIVE, AND ACHIEVEMENT TESTS 


ing coil winders, operators of punch presses (and similar ma- 
chines), operators of insulation machines, and bench hands has 
been reported by Hayes.** Hayes used two dexterity tests—the 
Hayes Pegboard and the O’Connor Finger Dexterity Test. A 
scoring system which combined the two test scores, with weights 
determined by their respective relations to job success, was 
worked out for each of the jobs studied. The criterion of suc- 
cess in the case of machine operators was output during the first 
eight weeks on the job. The reliability coefficients for this cri- 
terion for the three types of machine operators were as follows: 


Reliability of 
the Criterion 


Goili Winders *. yo ones ab piers voce Se 78 
Operators of Punch Presses 
and Similar Machines. «. «200 .6\c.s es 81 


Operators of Insulation 
Machitioss Sscjecte ee cicero) ohcantneiee 87 rs 


The criterion for bench hands was the supervisors’ estimates of 
whether the employees were quick, fair, or slow learners based 
on the percentage of standard tasks, which had been set up for 
the bench-work jobs, attained during the first month. The re- 
liability of this criterion for the four-week period was .89. 
The results of Hayes’ experiments are summarized in four 
charts, Figures 34-37. In each of these figures, the key identi- 
fies the proportion of employees who were quick, slow, or fair 
learners, or who did not complete the training. In each case the 
employees were divided into six groups according to the com- 
posite score on the pegboard dexterity tests at the time of hiring. 
Throughout these results, for all four types of jobs studied, 
there were, among employees scoring high on the tests, a rela- 
tively large proportion of quick learners and a relatively small 
proportion of learners who were average or slow, or who did not 
finish the training period. These results are sufficiently clear-cut 
to Justify the use of the dexterity tests as an aid in selecting em- 
ployees for the jobs studied. . 
_A thorough “follow-up” study of the value of dexterity tests 
(as well as certain other tests) in the selection of male employees 
for a variety of occupations has been carried on in the Hawthorne 


11 Op, cit. 
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Works of the Western Electric Company.” In this study, 749 of 
the men hired between October 1, 1935, and April 30, 1937, were 
given a battery of four tests, two of which were the O’Connor 
Finger Dexterity Test and the Hayes Pegboard. The essen- 
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Fig. 34—Relation between composite score on two dexterity tests and speed of 
learning for a group of 208 coil winders. 
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Fig. 35—Relation between composite score on two dexterity tests and speed of 
learning for a group of 304 bench hands. 


12 Western Electric Company, op. cit. 
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tial procedure of the study consisted in “follow-up” analyses of 
the work history of these employees to determine what facts 
about this work history could have been predicted in a better- 
than-chance manner from a knowledge of the test scores at the 
time of hiring. 
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Fic. 37—Relation between composite score on two dexterity tests and speed of 
learning for a group of 254 operators of punch presses and similar machines. 
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As there was some variation in the average score on certain 
tests from one three-month period, or quarter, to another during 
the six quarters in which the study was conducted, it was neces- 
sary to exclude the effect of this time factor in analyzing the 
results. This was done by separating the records into six 
quarter-year periods according to the quarter in which the man 
entered the company. The analyses were made separately for 
the men in each quarter and the final result obtained by later 
combining these results. 

Table VII shows the difference in several criteria of job per- 
formance between employees testing above and below average 
on the dexterity tests. In evaluating the results summarized in 
this table, it should be kept in mind that the test scores were 
filed shortly after the employees were hired. The scores could 
in no way have influenced the judgment of supervisors in deter- 
mining those criteria of job performance in which judgment is a 
factor. 

In Table VII the column labeled “high” refers to the em- 
ployees testing above average on the test. The column labeled 
“low” refers to employees testing below average. While it will 
be noted that the high-testing employees are not greatly supe- 
rior, on the average, to the low-testing employees in the several 
criteria of job success, it is probably not a matter of chance that 
the high-testing employees on the Hayes Pegboard excel the em- 
ployees testing below average on this test in six out of the seven 
criteria. 

The results with the O’Connor Finger Dexterity Test are in 
general not quite so favorable, but this test seems to be even 
better than the Hayes Pegboard in selecting employees who are 
not likely to leave the company for “reasons other than resigna- 
tion,” that is, not likely to be laid off. The difference between 
the 43.6 per cent of low-testing employees and 32.8 per cent of 
high-testing employees who left the employ of the company for 
reasons other than resignation is significant from a statistical 
viewpoint. One may safely conclude that by using these simple 
dexterity tests as.an aid in placing employees, persons will be 
placed who will tend to stay longer on the job, who will be con- 
sidered the best employees by their superiors, who will show 
more rapid increases in piece-rate or daily earnings, who will 
progress more rapidly in labor grade, and who will be at least no 
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TABLE VII 


Dexterity Trest Scores RELATED TO VARIOUS MEASURES OF JOB PERFORMANCE 


O’CONNOR FINGER 


A 
DEXTERITY TEST eee os oe 


CRITERION 


High| Low | Diff.* | High | Low | Diff.* 


Per cent of persons who have left the 
company for reasons other than 
TESMMORIONG fade 7) ic. Fe eee ers 32.8 |43.6 |+10.8 | 34.2 |41.6 |+7.4 

Personnel) Rating) (1937) . 245. abe ee 75.9 172.8 |+ 3.1 | 76.1 |72.6 |+38.5 - 

Increase in weekly earnings since em- 
ployment (Piece rate employees)... ./$9.91/$9.54/+ $.37/$10.10/$9.36)+%.74 

Increase in weekly earnings since em- 


ployment (Day rate employees)..... $5 .24/$5.438)/— $.19) $5.54/$5.14/+$.40 - 
Progress in Labor Grade since employ- . 

PO Ne ans os onc coe RA ee S16) LfSlaay Ped 82; .72)+ .10 
Per cent of persons without accidents 

since employment...... ../47.3 [45.4 |+ 1.9 | 45.8 [47.4 |-1.6 
Per cent of persons without s an “illness 

Bincesem ployment... Vos, aie ae 88.2 |88.3 |— 0.1 | 88.8 |87.7 |4+1.1 


* A plus value is given to the difference if it indicates that the high-testing cmon es 
are more favorable on the criterion. 


more likely to experience accidents or sickness than persons 
placed without the tests. 

A number of other organizations have found tests of dex- 
terity and muscular co-ordination helpful in the placing of em- 
ployees on certain types of jobs. Typical of such investigations 
is a series of studies by Drake ** in the selection of inspectors for 
the Eagle Pencil Company. Most of the tests that Drake de- 
scribes are of the manipulative type, though some deal with 
other aspects of employee aptitude, such as visual_perception 
_and_acuity. One new pegboard test. described by Drake has a 
“reliability of .92 and a validity of .59. A test having a validity 
coefficient as high as .59 is of considerable value even when it is 
not possible to work with a low-selection ratio. 

Another illustration of the practical effectiveness of a dexterity 
test in selecting employees is the case discussed in an earlier 
chapter (page 45) of loopers in a hosiery mill. It will be remem- 
bered that a dexterity test alone provided the means of markedly 
reducing the. learning cost. of employees « on this’ Job. os Se 


13C. A. Drake, “Aptitude Teste Help You Hire,” raters Management and 
Maintenance, XV (1937), pp. 55-57. 
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Selection of apprentices 


Trade apprentices need much more than capacity for develop- 
ing the manipulative aspects of their trade. They need, first of 
all, capacity for learning the fund of knowledge that is required 
of an expert tradesman. This capacity is better measured by 
tests of mental ability and mechanical comprehension than by 
tests of dexterity and muscular co-ordination. Yet, in spite of 
the fundamental importance of these mental capacities, the ele- 
ment of dexterity is also of some importance in achieving suc- 
cess as a trade apprentice. Allen,** for example, reports that a 
battery of seven tests covering intelligence, mechanical aptitude, 
mechanical ability, and dexterity. was found of value in selecting 
boys who are able to make satisfactory progress in learning the 
various skilled trades. While three of the four elements meas- 
ured in this study deal with the mental aspects of the trainees, 
it is significant to note that dexterity also was of some im- 
portance. In a later study, Allen and Smith” report that the 
same battery of tests showed a correlation of .82 between scores 
obtained before training and after training. The significance of 
this finding is that such tests may be used with confidence before 
training is given; that is, the ranking of applicants at the time 
of hiring will not be significantly modified by training on the job. 

The preceding discussion has been largely concerned with dex- 
terity tests alone. In actual practice, the most effective use of 
any program of tests usually involves a combination of several 
types of tests, as in the work of Allen and Smith just described. 
Typical of such combinations or batteries is the group of tests 
proposed by Otis** for the selection of power sewing machine 
operators. Otis followed the customary procedure of correlating 
a large number of tests, each individually against a criterion of 
job success, and then determining which combination of the 
original tests best predicted the criterion. He used separate cri- 
teria for quality of work and quantity of work, and found that a_ 
somewhat different battery should be used in predicting these 


14K. P. Allen, “The Selection of Engineering Apprentices,” Journal of the Na- 
tional Institute of Industrial Psychology, V (1931), pp. 379-384. 

15K. P. Allen and P. Smith, “The Selection of Engineering Apprentices II,” 
Human Factor (London), TX (1935), pp. 63-67. 

16 J, L. Otis, “The Prediction of Success in Power Sewing Machine Operating,” 
Journal of. Applied Psychology, XXII (1938), pp. 350-366. 
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two phases of job performance. A battery consisting of the 
Minnesota Vocational Test for Clerical Workers (name compari- 
son),’’ Poppelreuter Tracing Test ** (time score), the Poppel- 
reuter Weaving Test’® (paper folding test), the Minnesota 
Spatial Relations ”° (time score), and Minnesota Paper Form 
Board Test,?* Forms A and B, gave a multiple correlation of .57 
with the quality of work of the sewing machine operators. In 
predicting the quantity of work produced by these operators, he 
found that the O’Connor Tweezer Dexterity Test, the Poppel- 
reuter Tracing Test (time score), the O’Connor Finger Dexterity 
Test, the Minnesota Rate of Manipulations Test, and the Min- 
nesota Vocational Test for Clerical Workers (number compari- 
son) gave a multiple correlation of .64 with the actual amount 
of work produced by the employees. It is interesting to note 
that the Tweezer and Finger Dexterity Tests are both of value 
in selecting the most rapid sewing machine operators but are of 
no help in selecting the individuals who will do the highest qual- 
ity of work. The use of separate criteria for speed and quality 
of work, or even a still larger number of criteria, such as listed 
in Table VII on page 92, in the validation of tests and batteries 
of tests, is often of exceptional importance to management. For 
some kinds of work or some orders, quantity is of greater im- 
portance than quality; and for other types of work an opposite 
situation may prevail. By knowing specifically whether the 
employees placed by means of any test program will excel in 
quantity or quality, safety, or other factors, management can 
decide more easily whether the battery of tests will select em- 
ployees who will be able to achieve the objectives that have been 
set up as desirable by company policy. Thus, one company 
which specializes in an exceptionally high-quality product might 
use a certain battery of tests in selecting and placing employees, 
while another company which makes the same product in quan- 
tity at a very low price might use quite a different test battery. 


17 Minnesota Vocational Test for Clerical Workers (Psychological Corporation, 
522 Fifth Ave., New York, N. Y., 1983). 

18 'W. Poppelreuter, “Die Arbeitskurve in der Eignungspriifung,” Industrielle 
Psychotechnik, III (1926), pp. 161-167. 

19 Ibid. 

20D. G. Paterson, R. M. Elliott, L. D. Anderson, H. A. Toops, and E, Heid- 
breder, Minnesota Mechanical Ability Tests (University of Minnesota Press, 
1930). 

21 See page 66. 
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This example should serve to emphasize again the fact that a 
test. battery should be adopted not only in accordance with the 
particular job which the employees are doing, but also in accord- 
ance with the major policies and objectives of the company. 
Loopers in a hosiery mill that produces thirty-nine cent hose 
might be selected by quite a different battery of tests than loop- 
ers in a mill that produces nothing but $1.39 hose. The first or- 
ganization wants operators who are skillful and rapid even 
though the quality of their work may at times be somewhat im- 
perfect. The second organization wants employees who produce 
a perfect product even though their output may fall far below 
that of employees on a similar job in the first-mentioned mill. 


Achievement Tests 


The tests discussed in the preceding chapter and in the 
first part of this chapter are essentially tests of aptitude, not of 
achievement.” They are, therefore, of value primarily in the 
selection of individuals to be trained for various types of work. 
However, when applicants are being hired who have had or who 
claim to have had a certain type of work experience, the most 
serviceable type of selection device is usually an achievement 
test. For example: suppose that an industry is hiring a number 
of employees to operate a certain type of machine. The correct 
operation of the machine requires a certain amount of experi- 
ence and training. Among the applicants are a few who claim 
to have had the necessary experience with some other company. 
Perhaps the best way to determine whether such applicants 
really are expert machine operators would be to put them on the 
machine in question for a trial period, give them little or no 
specific instruction, and determine by try-out on the job how 
well they can operate the machine. Since often the operation of 
such a machine is a definite hazard to an individual who is not 
actually proficient, it would be unwise, and might even be dan- 
gerous, to allow an uninstructed applicant to operate an actual 
machine. It is possible, and in times of depression even prob- 
able, that some applicants may profess to have had certain ex- 
perience that they have not had or may claim a degree of 
proficiency that they do not possess. It is, therefore, highly de- 


22 The distinction between these two types of tests is made on page 23. 
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sirable to make use of appropriate achievement tests in the se- 
lection of such employees. Such tests are simply means of 
determining in a convenient, simple, and economical manner 
whether applicants actually possess the job proficiency that they 
claim to have. 

Job achievement tests may be of several forms. ‘They may 
consist of standardized oral questions, objective written ques- 
tions of the true-false or multiple choice variety, or, in some 
cases, of a miniature (and safe) replica of the job itself. Some 
job achievement tests must be given individually while others 
may be readily administered to large groups of applicants simul- 
taneously. The essential characteristic of the achievement test 
as such, in contrast with the aptitude test, is that the achieve- 
ment test measures how much actual job proficiency the appli- 
cant is able to demonstrate at the time he seeks employment. 
Achievement tests are therefore of greatest: value in the selection 
of employees for jobs that are reasonably consistent from one in- 
dustrial plant to another. 


Oral Trade Questions 


Oral trade questions are among the most widely used types 
of achievement test. Such questions are convenient to admin- 
ister and simple to interpret. The most extensive research with 
this type of test has been carried on by Stead, Shartle, and as- 
sociates.* The general procedure followed by this group has 
been described in detail in their book, Occupational Counseling 
Techniques. Since the many trade questions developed are in 
constant use by the various state employment offices, and since 
the publication of the actual questions used would cause them 
to lose much of their value, Stead and Shartle publish only a few 
sample questions to illustrate the method by which the validity 
of the questions has been determined. This procedure is suf- 
ficiently important to the general subject of test validation to 
warrant a somewhat detailed discussion. 


Validation of oral trade questions 


The general procedure in validating these questions consists 
in finding for each trade a few questions, usually fifteen, that can 


23, W. H. Stead, C. L. Shartle, and Associates, Occupational Counseling Tech- 
niques (American Book Company, 1940). 


\ 


DEXTERITY, MANIPULATIVE, AND ACHIEVEMENT TESTS oF, 


be answered correctly by a large proportion of successful jour- 
neymen in that trade, but that are answered correctly by a defi- 
nitely smaller percentage of apprentices in this trade, and are 


FORM I 


Expert Apprentices 
Asbestos Workers and Helpers 
(50 Subjects) (25 Subjects) 


Related Workers 
(25 Subjects) 


OrPNWFEUARMLW0 


FORM II 


Expert Apprentices * 
Asbestos Workers and Helpers Related Workers 
(50 Subjects) (25 Subjects) (25 Subjects) 
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Fic. 38—Distributions of scores for expert asbestos workers, apprentices and help- 
ers, and related workers on a 15-question oral trade test. 
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answered correctly by a still smaller, or negligible, percentage of 
employees in related trades. Each question to be retained must 
show a significant dropping off in the percentage of correct an- 
swers from the journeyman group to the apprentice group to 
the related trades group. When a set of questions for a given 
trade has been obtained in this manner, it is a simple matter to 
determine whether an applicant who claims to possess Journey- 
man abilities for that trade actually is able to answer these ques- 
tions as well as known tradesmen have answered them. The 
differentiation obtained by such a set of oral trade questions for 
asbestos workers is shown in Figure 38. The expert asbestos 
workers vary from seven to fifteen correct answers, apprentices 
and helpers from zero to twelve, and related workers from zero 
to five. Thus, an applicant who is able to answer correctly only 
six or fewer of the fifteen questions is very unlikely to be an ex- 
pert asbestos worker, regardless of what he may say or feel about 
his own skill. Even if he answers up to twelve items correctly, 
he is probably not highly proficient in his trade, because the ma- 
jority of men known to be experts were able to answer thirteen 
or more of the questions correctly. 


Factors affecting the validity of trade questions 


The success with which such a set of trade questions will dif- 
ferentiate among applicants possessing different degrees of skill 
is dependent upon the very careful selection of questions com- 
prising the test. This selection can only be made by starting 
with many more questions than will finally be retained and by 
eliminating every question that does not actually show a differ- 
entiation among the several groups tested. Likewise, if the test 
is to be used on a country-wide basis, the preliminary validation 
work must be carried on in the several geographical areas where 
the test is later expected to function. The following question for 
a roofer illustrates the necessity for considering geographical fac- 
tors in the validation of the question. 


Q. What type of asphalt is glued on a flat roof? 
A. Flat (F) (low melt). 


Iixperts west of the Mississippi River answered this question 


24 Ibid., p. 38. 
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with unusual consistency, but there tended to be a reduction of 
consistent answers by experts when the validation took place 
eastward. Therefore this question could not be used in a test 
that was intended for country-wide use. In general, questions 
that could be answered simply, preferably by one or two words, 
were found to be better than those that called for more extensive 
answers. Often the best questions were those that could be cor- 
rectly answered only by terms peculiar to the trade in question, 
even though such terms might not be found in a dictionary. 

Trade questions of this general type have been prepared for 
most of the standard trades and are in use in many state em- 
ployment offices. The procedure followed has given such excel- 
lent results that a number of industries are now adopting this 
method in the formulation of questions for the use of the em- 
ployment manager. A number of industrial plants now make up 
their own questions for their own particular jobs. This pro- 
cedure enables the test constructor to make up a test that is of 
much greater value to the industry in question than a test that 
has been constructed for more general application. Examples of 
such questions in true-false form covering the job of eae: ina 
steel mill are given in Table VIII. 


TABLE VIII 
TRADE QUESTIONS IN TRUE-FALSE 
FORM COVERING THE JOB OF HEATER IN A STEEL MILL 

1; The furnace checkers are always located directly below the car bottom. T F 
2. The gas flow and air flow must always come from opposite sides of the 

TEE IPRS iat Coot ntsc ieee soci Nss ol o's, aby d a) 4.00.0" 6 ors ws oi'e Seoleteeeaeee eta bie dws ans Tete 
3. The only way to tell if the stock gas is burning is to look at the top of 

He CE) Sseo5 oly SAGE Soir AGS CIRO RR Ee One CRIP or repr rere a 


4. The purpose of the stock gas is to help the furnace draw.............6. TE 
5. In lighting a cold furnace, the rear parts are always the first ones to 
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The Miniature or Job Sample 


The miniature or job sample method of constructing an 
achievement test consists in trying out the applicant in a test 
situation that reproduces all, or an important sampling, of the 
actual operations that the job itself requires. The miniature 
test usually consists of apparatus, but the apparatus is con- 
structed to eliminate whatever hazard might. be inyolved in Op- 
erating a production machine. The applicant : mS vasked oe ‘operate 
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the miniature under conditions that simulate the operation of 
the real machine. Norms of performance of experienced and 
inexperienced operators are obtained in the test situation so that 
the status of an applicant can quickly be determined by a com- 
parison of his score with the norms. 


A miniature punch press 


An example of this approach is the miniature punch press de- 


¥i1c¢.'39—Applicant being given the Miniature Punch Press Test. 


\ ¢ 
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scribed by Tiffin and Greenly.” This test is used in the selection 
of punch press operators. This apparatus, which is illustrated in 
Figure 39, is a replica in all essential features of a small indus- 
trial punch press. It differs from a real press in that the punch 
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MINUTES TO PUNGH 200 PLATES 


Fic. 40—Relation between speed and accuracy for three groups of subjects in 
operating a small punch press. 


MISPUNCHES IN PUNGHING 
200 PLATES 


is located in a vertical bearing and is held down only by a spring. 
This feature prevents the punch itself from descending when an 
obstacle is encountered. When this occurs, the punch remains 
stationary while a mechanical counter records an error or mis- 


25 Joseph Tiffin and R. J. Greenly, “Experiments in the Operation of a Punch 
Press,” Journal of Applied Psychology, X XIII (1939), pp. 450-460. 
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punch. The test is administered by having an applicant put 
through the press two hundred pre-punched pieces of galvanized 
sheet iron. The time required to feed these pieces is recorded by 
means of a stop watch. During the test period, the mechanical . 
counter records the number of errors or mispunches. The test 
thus results in a simultaneous time and error score. 

Studies of the validity of this test have been made in several 
ways. One method consisted of comparing the average perform- 
ance of different groups of persons to whom the test had been 
given. The curves in Figure 40 summarize the results obtained 
for three specific groups. These curves show the relation be- 
tween mispunches or errors in punching two hundred plates 
and the time in minutes required to punch the two hundred 
plates. As might be expected, the errors decrease as the time 
increases for all three groups of persons upon whom these results 
are based. It is interesting to note, however, that the curve for 
the students and the one for the insulation stripping machine 
operators are almost identical mathematically and simply rep- 
resent different segments of the same curve. This suggests that 
the students, though punching much more rapidly and hence 
making many more errors, are not significantly different from 
the insulation stripping machine operators in genuine ability. 
The employees in this latter group, though offering no experi- 
ence in the operation of a punch press, were industrial employees 
and, as such, were more accustomed to the need for careful, slow 
operation of any machine. The curve for the industrial punch 
press operators, however, is markedly different from that of 
either the students or insulation stripping machine operators. 
For any given speed of operation the punch press operators were 
more accurate than either of the other groups, and for any given 
level of accuracy, punch press operators were more rapid. 

From a knowledge of the speed and accuracy of a given appli- 
cant and a comparison of this information with the data graphed 
in Figure 40, it is possible to determine the status of the appli- 
cant In comparison with the corresponding test performance of 
persons who are known to be experts on this job. 

The method illustrated by the miniature punch press has been 
utilized in selecting employees for numerous other jobs. For 
example, in hiring persons for such jobs as packaging, inspecting, 
and certain types of machine operation it is often extremely 
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helpful for the personnel manager to obtain a sample of the 
quality and speed of work that the applicant is able to perform. 
The miniature or job replica furnishes such a sample of job per- 
formance with a minimum of effort and with no danger to the 
applicant while the test is being administered. 


The job sample in clerical work 


Another area in which the job sample method of testing has 
resulted in very satisfactory results is the selection of employees 
for stenographic, clerical, and secretarial positions. One of the 
most widely used tests of this type is the series known as the 
Blackstone Stenographic Proficiency Tests.2* This series in- 
cludes a stenography test and a typewriting test. The stenog- 
raphy test is made up of seven parts, namely, knowledge of Eng- 
lish grammar (which includes punctuation, capitalization, and 
spelling); syllabication; office practice; alphabetizing; abbrevi- 
ations; knowledge of business organization; and ability to take 
dictation and shorthand and to make the correct transcription. 
Separate norms are available for each of these seven parts so 
that in hiring an applicant for a given job it is possible to match 
the test results with a job analysis of the work to be performed. 
The second part of the Blackstone series consists of a typewrit- 
ing test. This part requires the applicant to copy a standard 
page of typewritten material. The result may be scored sep- 
arately for speed and accuracy and the norms available permit a 
rapid determination of the exact level of proficiency possessed 
by an applicant. 

Another standard test used in measuring proficiency in the 
use of a typewriter is the Thurstone Examination in Typing.” 
A part of this test consists of a page of corrected copy that the 
applicant is asked to type, making the indicated corrections. A 
sample of the material to be copied is shown in Figure 41. The 
ability to copy corrected material of this kind, though frequently 
called for in many stenographic positions, seems to be quite dif- 
ferent from the ability to make an exact copy of material requir- 
ing no corrections. For example, in one employment office a girl 
who had recently won a state contest for speed in typing was 


26 Blackstone Stenographic Proficiency Tests (World Book Company, 1932). 
27 Thurstone Emplpyment Tests, Examination in Typing (World Book Company, 
1922). 
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unable, when tested with the Thurstone test, to obtain even an 
average score in typing this corrected copy. Apparently her 
ability consisted of a strictly mechanical and automatic method 
of “copying the copy.” While such ability might be very useful 


Yio FP Business system was used in agSertaining the amountg of cire 
culation of various publications as well as, kindg ,. Advertisements 
dro 
were keyed, and meny other means were employed to determine what 
wae the exact value of certain styled of advertisements’ and hee 
AML 2d. 
wee—the—best medium in which,te insert, them 


Fie. 41—Part of Test I of the Thurstone Typing Test. The person tested is re- 
quired to copy this material, making the indicated corrections. 

in winning state contests, it is of little use in a business situa- 
tion because one is seldom asked to copy material that is perfect 
at the outset. A test of the Thurstone type, therefore, is a 
much better measure of the kind of ability called for in a busi- 
ness or industrial job than is a test that requires only straight 
copying of material. 

Many other standardized tests in the general field of clerical 
aptitude and achievement are available commercially. A list of 
some of those ia most common use is given in Appendix C. 


Written Achievement Tests 


The Purdue Vocational Tests ** comprise a series of paper- 
and-pencil tests that measure achievement in technical informa- 
tion related to various areas of trade training. These tests, al- 
though developed primarily for the use of vocational teachers in 
public-school systems, are being used also by industrial person- 
nel men for the purpose of determining the qualifications of 
applicants for jobs connected with the various trades. Three 
standardized tests are now available in this series. _ 


Technical information in machine shop *° 


This test consists of 149 questions (partly multiple choice and 
partly matching) that cover material well known to any quali- 
fied machinist and that should be reasonably familiar to any 

28 Joseph Tiffin, Purdue Vocational Achievement Tests : Manual of Directions, 
Keys, and Tentative Norms (Purdue University, 1940). 


29 C, OC. Stevason, H. G. McComb, and Joseph Tiffin, Technical Information in 
Machine Shop (Purdue University, 1940). 


DEXTERITY, MANIPULATIVE, AND ACHIEVEMENT TESTS — 105 


boy who has received adequate vocational instruction in this 
field. Four examples of the multiple-choice items follows: 


In each of the multiple choice statements listed below there are four 
possible answers, but only one is correct. Read each statement care- 
fully before making your choice of answers. Place the number indi- 
cating your choice in the parentheses at the right. 


The hammer most commonly used by the machinist is a (1) set, 
feeelpectin tay Claw,.\4) SIC. os. ca ces celeste oote ds Grnet 


The most important purpose of the lathe back gears is to (1) 
decrease the power, (2) decrease the speed, (3) lock the spin- 
Pe MCL ELOMIG VO tie US CMUCK Sate d AS ese.rs s sis'e acvcd. ope ele tia biabeoide « (Hawt) 


Each revolution of the thimble of a micrometer makes a differ- 
ence in measurement of (1) 10 thousandths, (2) 25 thou- 
sandths, (3) 50 thousandths, (4) 100 thousandths of an inch.. (__) 


In laying out an unfinished casting for drilling, the common 
coating material is (1) red lead, (2) blue vitriol, (3) Prussian 
OUTROS sof ed 3) A OS TEC nC i (4) 


The test covers such topics as hand tools, bench tools, bench 
work, lathe, milling machine, shaper, planer, and drill press. 
The test has a reliability coefficient of .97, computed by the 
chance-halves method. The published norms were obtained on 
the basis of a fifty-minute time limit. The scoring is simple 
and rapid. Separate norms are available for students or appli- 
cants offering different amounts of vocational training or prac- 
tical experience. 


Technical information in electricity *° 


A second test in the Purdue Vocational Series deals with in- 
dustrial electricity. This test consists of 150 questions (multiple 
choice and matching) covering material of a practical nature in 
the field of electricity. Four sample questions from this test 
follow: , 


In the following section of this test select the numbered word or 
phrase after each incomplete sentence which makes the most nearly 
true statement and place its number in the parentheses at the right 
of the question. 


80 H. R. Goppert, Joseph Tiffin, and H. G. McComb, Technical Information in 
Electricity (Purdue University, 1940). 


106 DEXTERITY, MANIPULATIVE, AND ACHIEVEMENT TESTS 


Connecting battery cells in series (1) increases current capac- 
ity, (2) decreases total resistance, (3) increases the voltage, 
(4) decreases the efficienGy ipa. ss see eee eae re eee (een) 


Thickness of insulation for any circuit is determined by (1) the 
current to be carried, (2) the voltage of the line, (3) the load 
onthe’ circuit, (4) the pricevorelectricity s.. 20. awe ss sees Cass) 


The voltage on a 40 ohm circuit which draws 2.5 amperes is 
(1) 220 volts, (2) 110 volts, (3) 100 volts, (4) 16 volts....... Goa) 


A 


What is the total resistance between A and B in the above line? 
(1) 12 ohms, (2) 18 ohms, (3) 2 ohms, (4) 1.67 ohms........ (ale 
This test covers such topics as common electrical circuits, 
measuring units, conductors, and common electrical devices. Its 
reliability, computed by the method of chance halves, is .95. The 
time limit is fifty minutes. Separate norms are available as an 
aid in interpreting the scores of applicants offering various 
amounts of training or experience. 


Technical information in industrial mathematics ** 

In its construction, scoring, and administration this test is 
similar to the tests just described. It deals primarily with oper- 
ations of an arithmetical, or simple mathematical, type that a 
tradesman in industry is likely to encounter. The reliability of 
the test, computed by the chance-halves method, is .89. A sam- 
ple of the test follows: 

In each of the multiple choice statements listed below there are four 
possible answers, but only one is correct. Place the number indicating 


your choice in the parentheses at the right. Do all figuring on the 
back of the opposite page. 


A short cut for dividing by 25 is to multiply by: 


gr a2 ee, @2 Gad 
Pan tas ee 

Soe (i 
A discount of 5 per cent on $12.00 is: 

(1) 80¢ (2) 60¢ (3) 40¢ (4) 20¢ (‘8 
Ii 3a + 7 = 22, then “a” equals: 

(1) 3 (2) 4 (3) 5 (26 Apes) 


31D, H. Price and Joseph Tiffin, Technical Information in Industrial Mathe- 
matics (Purdue University, 1940). 
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These group achievement tests in the different trade areas en- 
able an employment manager to obtain a thorough picture of 
the strong and weak areas of information possessed by appli- 
cants. Because the tests may be given to many applicants 
simultaneously, they can be made much longer than oral trade 
tests and therefore are much more exhaustive than the latter in 
covering the technical field. 


Uses of Written Achievement Tests 


Selection of apprentices 

Because of the increasing availability of public-school voca- 
tional courses, applicants for industrial apprenticeships often 
have had a certain amount, and sometimes a substantial amount, 
of instruction in the trade area they wish to enter. It is impor- 
tant for the industrial personnel manager to know how much of 
this instruction has been retained by the applicant, because the 
boy who has profited most by the instruction he has received in 
his chosen area is most likely to progress with further industrial 
training-toward becoming a skilled tradesman. Although school 


'— grades and recommendations of former teachers furnish some 


indication of progress already made by an applicant, it is fre- 
quently desirable to supplement these sources of information 
with a well-standardized test covering the area in question. The 
necessity for using a test of this type is illustrated in Figures 5 
and 6 reproduced in Chapter 1 on page 9. The first illustration 
shows that among 112 applicants for the job of machine shop 
apprentice a considerable number made a score of less than 40 
(number of items correct) and a scattered few made a score of 
less than 20 on the machine shop achievement test. Although 
most of these applicants had had at least one semester of ma- 
chine shop instruction, and many had had much more than this 
amount, of training, 25 per cent of them did so poorly on the 
machine shop achievement test that they were below the lowest 
10 per cent of students in vocational classes. It was clear, there- 
fore, that among these applicants were a considerable number 
who would be very unlikely, even with prolonged training, to 
become expert machinists. The company concerned set 90 items 
correct as the critical score for hiring for this job and was able, 
_ by this process, to select for apprenticeships boys who made very 
rapid strides in developing the necessary skill to become expert 
machinists. 
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A similar situation was found in the selection of boys for ap- 
prenticeships as electricians. Here again a considerable number 
of the applicants made scores on the Test of Technical Informa- 
tion in Electricity considerably below what would be considered 
a poor score even among first semester vocational students of 
this subject. By adopting a critical score for employment that 
eliminated these unqualified applicants, the apprentices selected 
constituted a homogeneous group of well-qualified boys who 
were able to advance rapidly under the systematic apprentice 
training offered by the industry. 


Transfer of employees 


The problem of transfer is one that continually confronts 
every employment manager. Persons hired in one capacity 
often wish to be changed to a job that offers, or is believed to 
offer, greater opportunity for advancement. Every personnel 
manager is not only willing but anxious to transfer employees 
wherever possible to jobs where they will have a greater oppor- 
tunity for development. It often happens, however, that an 
employee wishes to be transferred to a job that he not only can- 
not perform satisfactorily at the time of transfer but on which, 
because of lack of aptitude or capacity, he is never likely to be 
successful. An example in point is the case of tradesmen’s help- 
ers. Quite often an employee after working for a period of 
years as a tradesman’s helper feels that he has acquired the 
necessary information and skill to assume the responsibilities of 
the tradesman’s job. Often such a helper is able to talk quite 
glibly in terms common to the trade; and this verbal skill, to- 
gether with a certain familiarity with a few elementary princi- 
ples of the trade, may convince the employment manager that 
the employee seeking transfer is now ready for the promotion. 
In such cases the use of a standardized achievement test. fur- 
nishes a highly satisfactory means of determining whether or 
not the employee is really eligible for the transfer desired. If 
his score is well below that which is characteristic of apprentices 
in this trade, the employment manager not only is justified in 
refusing to make the transfer but, in explaining the reason for 
his refusal to the employee, he is supplied with the necessary 
objective information so that his refusal cannot be attributed to 
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prejudice or lack of understanding. Not long ago one employ- 
ment manager made the comment that the most difficult part. of 
his job was in saying “‘no” to an applicant seeking employment. 
or an employee seeking transfer. This employment man felt 
that although he was usually right in his judgment, it was very 
difficult for him to explain the reasons for his decision to the 
employee or applicant. It is interesting to note that the judi- 
cious use of test results solved his problem. Whenever a request 
is refused because an employee or applicant has a very low score 
on an objective test that measures his capacity for the job he is 
seeking, the person concerned is much less likely to feel that he 
has been discriminated against. 

The use of tests in connection with promotion and transfer 
supplements rather than replaces such factors as seniority, being 
“in line” for the job, and the needs of the business. 


Discovery of areas needing training 


Many industries are devoting more and more time to the sys- 
tematic training of both new and old employees. The need for 
such training is a natural result of the continuous technological 
changes occurring In modern industry. No matter how well 
qualified an employee may be today, technological change in 
methods or processes may require that he be completely re- 
trained tomorrow. The systematic use of technical information 
tests among present employees furnishes a convenient means of 
determining those areas in which training is needed. An exam- 
ple of this use of information tests is shown in Table IX. This 
is a set of matching items to determine whether the employees 
are familiar with the color code used in the plant in which they 
work. Several other important areas were covered in the test. 
The content of the training program that followed the adminis- 
tration of this test was based largely upon the results obtained. 


TABLE IX 


PART OF AN ACHIEVEMENT TEST COVERING INFORMATION THAT SHOULD BE 
KNOWN TO EMPLOYEES SEEKING TRANSFER OF PROMOTION 


Instructions: On the right is a list of colors. On the left is a list of the ma- 
terials carried in pipes in this mill. You are to show how well you know the color 
code by matching each color with the figure or figures which you find before the 
appropriate materials. Mark your choice in the parentheses at the extreme right. 
The first one is correctly marked to show you how it should be done. There will 
be some colors unused. Some others will be used twice. 
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Materials Colors 
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Measurement of vocational achievement 


Every vocational teacher expects to place his students in in- 
dustrial jobs. The success of these students in such jobs, how- 
ever, depends largely upon the adequacy of training they have 
received while students. Teachers in the field of general educa- 
tion have long made use of standardized achievement tests to 
determine student achievement in the several school subjects 
and to compare the achievement of students in various school 
systems, under different types of instruction, and in different 
geographical localities. Administrators and teachers of voca- 
tional subjects are now beginning to make similar use of objec- 
tive achievement tests, and there is every reason to believe that 
the judicious use of such tests in this area will be fully as valu- 
able as in the field of general education. The tests of machine 
shop, electricity, and industrial mathematics discussed in the 
preceding section are ideally suited for this purpose, and achieve- 
ment tests in other vocational areas are now in the process of 
construction. Since vocational demands differ from one indus- 
try to another and from one industrial center to another, it is 
often wise to build tests that are “tailor made” for the par- 
ticular situation. Such tests, when constructed through the 
joint efforts of vocational teachers, school administrators, 
vocational co-ordinators, and representatives of the industries 
concerned, furnish an ideal means of facilitating the co-ordi- 
nation between industries and schools that every community 
desires to encourage. 


> 


Tests of Personality and Interest 


EMPLOYMENT managers universally recognize the importance 
of personality traits in employees whom they hire. Indeed, one 
of their reasons for sometimes being hesitant in adopting psy- 
chological tests is that they often think of tests only in terms of 
intelligence or dexterity, and these tests do not, of course, take 
into account the more general personality traits of the appli- 
cant. An applicant might be very high in mental ability or in 
manipulative dexterity and yet have a personality that would 
not only make him unfitted for the job for which he is applying 
but would also make him a definitely undesirable individual to 
employ in any capacity. 

The foregoing sections, which have dealt with aptitude and 
achievement tests without regard to the applicant’s general per- 
sonality, do not imply that the more general personality traits 
are unimportant. Psychologists are the first to recognize the 
importance of personality traits in helping an employee adapt 
himself to any job or to any organization. Psychological tests 
have emphasized tests of specific aptitude because psychologists 
recognize the importance of job aptitude, as such, aside from 
personality characteristics, and because, up to the present. time, 
it has proved possible to develop adequate tests of such apti- 
tudes as finger dexterity or intelligence to a greater extent. than 
it has been possible to develop adequate tests in the compli- 
cated field of personality. 

Within recent years, however, both employment managers 
and consulting psychologists have increasingly demanded some 
reasonably satisfactory and accurate method of determining 
certain personality traits of an applicant at the time he ap- 
plies for employment. It is now recognized not only that an 
applicant who does not have the aptitude to learn the job will 
fail, no matter how desirable his personality traits may be, but 
also that if he does have the aptitude for the job he will prob- 

gh 
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ably still fail if his other personality characteristics make it 
difficult for him to fit into the organization and to work co- 
operatively with other persons... Although this conclusion is 
sound common sense, we do not need to rely entirely upon sub- 
jective judgment to reach it. Such investigations as those of 
Hunt? and Brewer,” which have been Garried on with thousands 
of employees in a variety of industries, show that personality 
factors, rather than lack of ability on the job, are responsible for 
a large number of layoffs and failures to be promoted. ) These 
studies deal with layoffs due to factors other than failure to pro- 
duce. The rising voice of labor in determining managerial poli- 
cies, particularly with respect to hiring and firing, and the 
growing importance of seniority as a determining factor in lay- 
off, have made it increasingly important to determine, at the 
time of hiring, whether an applicant has any incipient. personality 
maladjustments that might prevent him from fitting properly 
into the organization. It is with the hope of developing some 
sort of test or tests to accomplish this purpose that a number of 
psychologists have developed scales for the measurement of per- 
sonality or temperament traits. 


Tests of Personality 


Probably the-first attempt to develop a scale of this type was 
made by Downey ® and resulted in the Downey Will-Tempera- 
ment Scale. This test was based on a number of assumptions 
that were later found to be untenable, and for that reason the 
scale was never very widely used. It is noteworthy, however, in 
that it served the purpose of directing the attention of psycholo- 
gists toward the.need for a measuring instrument in this area. 
Some time later the Thurstone Personality Schedule * was pub- 
lished. This scale gives a single gross score indicating the pres- 
ence or absence of neurotic tendencies. ) With this scale, Thur- 
stone was able to show that neurotic tendencies are relatively 


1H. C. Hunt, “Why People Lose Their Jobs or Aren’t Promoted,” Personnel 
Journal, XIV (1935-1936), p. 227. 

2J. M. Brewer, “Religion and Vocational Success,” Religious Education, XXV 
(1930), pp. 29-41. 

8 J. E. Downey, “The Will-Temperament and Its Testing” (World Book Com- 
pany, New York, 1923). 

4L. L. Thurstone and T. G. Thurstone, “Personality Schedule” (University of 
Chicago Press, 1929). 
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independent of mental ability, but are related to accomplish- 
ment in éertain areas, particularly college and university work. 
An abbreviated form of Thurstone’s scale has been published 
by Willoughby.’ 

Another widely used scale of this type has been constructed 
by Bernreuter.® Bernreuter’s scale differs from those that pre- 
ceded it in that an ingenious selection of items and system 
of scoring make it possible to score the scale separately for 
four different personality traits. These are: emotional insta- 
bility, extroversion-introversion, self-sufficiency (absence of 
need for companionship, encouragement, and sympathy), and 
dominance-submission. This four-way method of scoring results 
in a test that is at least partially diagnostic, and this diag- 
nostic feature is helpful in pointing toward specific character- 
istics of the person’s emotional and temperamental make-up. 

As the above scales and others in the general field have 
appeared, each has found a place for itself in personality meas- 
urement and each has usually incorporated one or more improve- 
ments over those published previously. 


The Humm-Wadsworth Temperament Scale ’ 


This scale has been produced by two men whose work has 
been in the field of industrial personnel. It is the first person- 
ality scale intended primarily for industrial use and has been 
used more extensively in industry than has any other personal- 
ity test. . 

The scale consists of 318 questions which the person tested 
answers by checking yes or no. From the answers to these ques- 
tions it is possible, by differential scoring, to obtain separate 
scores for seven aspects of temperament. These aspects are as 
follows: 


|. The Normal Component. This is primarily a control mechanism 
providing rational balance and temperamental equilibrium. It under- 
lies the conservatism, toleration, and conformity to socially acceptable 


5R. R. Willoughby, “Thurstone Personality Schedule, Clark Revision” (Author, 
Worcester, Mass., 1932). | 


‘ 6R. G. Bernreuter, “The Personality Inventory and Manual” (Stanford Uni- 


’ versity Press, 1931). 


7D. G. Humm and G. W. Wadsworth, “The Humm-Wadsworth Temperament 
Seale, Test Booklet and Manual,” second 1940 revision (Doncaster G. Humm Per- 
sonnel Service, Los Angeles, California). 
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behavior observed in the well-adjusted person. Essentially a “control 
inechanism” or “balance wheel,’ the normal component presents 
mainly characteristics associated with restraint, and persons in whom 
it is over-accentuated may be given to undiscriminating conservatism. 
In diagnosis the term “normal” is rarely used alone except for such 
ultra-conservatism. It is usually used in combinations such as 
“normal-cycloid,” ‘normal-schizoid,” and so on, where it refers to in- 
dividuals whose temperament is under control, and who are essentially 
well-adjusted, but who also show a large degree of cycloid or schizoid 
temperament. 


2. The Hysteroid Component. An individual with an excess of the 
hysteroid component possesses a character defect with ethically infe- 
rior motivation manifested by stealing, lying, cheating, and similar 
antisocial behavior. A moderate degree of hysteroid tendency under- 
lies much of our prudence, shrewdness, diplomacy, and may even con- 
tribute to social adjustment, as the ends of self-interest are often best 
served by conformity to socially acceptable conduct. 


3. The Manic Cycloid Component. This is characterized by emo- 
tionality, fluctuation in activities, and interferences with voluntary 
attention, some degree of elation, pressure of activity, and distract- 
ibility together with such manifestations of excitement as jests, 
pranks, enthusiasms, impatience, and so forth. 


4. The Depressive Cycloid Component. This is manifested by some 
degree of sadness, lessened activity, and associated characteristics such 
as worry, timidity, and feeling of malaise. The manifestations of a 
general cycloid nature are fluctuations from emotional equilibrium, 
hot-headedness, difficulty in sleeping, and so forth. Cycloid subjects 
are enterprising, sensitive to social situations, wistful, and sympa- 
thetic. They are handicapped by such tendencies as emotional think- 
ing, lack of perception, and changeability of moods. 


5. The Autistic Schizoid Component. This is characterized by height- 
ened imagination, leading to a tendency toward a day-dream life con- 
cerning which the subject is.sensitive. The autistic manifestations 
are seclusiveness, shyness, and suggestibility, accompanied by an abil- 
ity to visualize and concentrate upon special tasks, excluding divert- 
ing interests. 


6. The Paranoid Schizoid Component. This includes stubborn adher- 
ence to fixed ideas, suspicion, and contempt for the opinion of others, 
with behavior fitting these traits. In the presence of sufficient normal 
component the paranoid phase is of value in pushing through pro- 
grams that meet with resistance. 


7. The Epileptoid Component. This is characterized by inspirations 
to achievement that are meticulously developed and pushed through 
to completion. It causes the subject to spend endless time in working 
out projects, and yet, at times, to appear inconsistent because of some 
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contradictory inspiration. The inspirational tendency is often of a 
belligerent nature. The temper manifestations are explosive, often 
appearing on slight provocation after long periéds of endurance. Some 
physiological symptoms associated with epileptics as well as epilepsy 
itself are likely to be present or to appear in the history. 


In Table X are listed the components covered by the Humm- 
Wadsworth Temperament Scale, together with the symbols used 
to identify each and a brief statement of the constitutional, men- 
tal, or nervous disorder in which an extreme degree of each com- 
ponent is typically observed. 


TABLE X 


THE COMPONENTS OF TEMPERAMENT MEASURED BY THE HUMM.-WADSWORTH 
TEMPERAMENT SCALE 


Component Symbol Constituted of Traits Associated with 
“Normal” ING Self-control, self-improvement, inhibition. 
Hysteroid H Self-preservation, selfishness, crime. 
Manic Cyeloid M Elation, excitement, sociability. 
Depressive Cycloid D Sadness, retardation, caution, worry. 
Autistic Schizoid A Day-dreams, shyness, sensitiveness. 
Paranoid Schizoid P Fixed ideas, restiveness, conceit. 
Epileptoid E Eestasy, meticulousness, inspiration. 


Everyone who studies the above list of components with their 
brief descriptions will recognize certain persons of his acquaint- 
ance who, from long observation, are clearly known to possess an 
excessive amount of one or another or of some combination of 
these characteristics. One does not need the Humm-Wadsworth 
Scale, or perhaps even training in psychology, to identify the 
Hysteroid or the Cycloid if he is constantly thrown into contact 
with an individual of this type. Indeed, one thrown into contact 
with such a person is more likely to recognize that something is 
wrong than is the afflicted individual himself. The mentally ill 
or “near ill” often feel that they are quite normal but that 
everybody else is wrong. It is, however, one thing to recognize 
the presence of such personality characteristics in a person with 
whom one is thrown into constant contact, and it is quite an- 
other thing to recognize them in an applicant whom one is in- 
terviewing for the first time. It is claimed by users of the 
Humm-Wadsworth Temperament Scale that it will accomplish 
this result. 

It is, however, expecting a good deal of any scale to identify 
such personality traits in persons who are “after” jobs and who 
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can therefore be expected to answer the questions in whatever 
way they feel the questions should be answered in order to be 
sure they get the jobs. It has been, therefore, particularly im- 
portant to study the validity of the scale in industrial situations. 
This has been done by a number of follow-up studies in which 
the scale has been administered to employees at the time of hir- 
ing. One of these investigations has involved the extensive 
testing of applicants at the Lockheed Aircraft Corporation, Bur- 
bank, California.2 In this organization the policy has been to 
reject. applicants for employment whose scales reveal “weak 
Normal’; Hysteroid or Paranoid scores higher than “Normal”; 
Manic scores, Depressive scores, and Autistic scores that were 
either extremely high or higher than “Normal”; and high Epi- 
leptoid scores accompanied by physiological evidences of epi- 
lepsy. The results of this hiring policy in terms of employee 
turnover has been quite satisfactory. Out of 185 engineering 
employees, 184 met these standards and one was accepted as 
doubtful. Of these employees, the doubtful case and one other 
were discharged later for reasons arising out of temperamental 
maladjustments. The other 183 employees were found to be 
entirely satisfactory from the personality viewpoint. Of 1500 
other employees engaged for work in tool designing, welding, 
sheet metal assembly, machine shop, wood shop, and precision 
assembling, at the time of the report only 18 had been dis- 
charged for reasons arising out of temperamental maladjust- 
ments. Transferred into percentages, this would mean that 98.8 
per cent of the employees selected according to this policy were 
satisfactory from the temperamental point of view. Recently 
the entire plant was surveyed by the Federal Bureau of Investi- 
gation. Of 1500 employees tested only two were found who had 
criminal records whose scales had not revealed a high Hysteroid 
component. Evidence of this type indicates that this scale at 
least. partially reveals at the time of employment whether an 
applicant has a temperamental make-up that is likely to make 
him ‘unsuitable as an employee. 

On the other hand, there is reason to believe that many en- 
thusiastic users of the Humm-Wadsworth Scale are expecting 


8D. G. Humm and G. W. Wadsworth, Jr., “The Humm-Wadsworth Tempera- 
ment Seale,” Manual of Directions, 1940 Revision (Wadsworth-Humm Personnel 
Service). 
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more from it than it is likely to yield. We have already men- 
tioned that the questions are of a type that can be answered 
either yes or no, and that an applicant for a job may not be too 
honest if he feels that honest answers will decrease the chances 
of his being employed. The extent to which the scores on the 
seven components may shift when a person is changed from a 
frank or clinical situation to a job-application situation is re- 
vealed in a recent study conducted with 65 college students.® 
Each student was given the scale twice: first, with instructions 
to be as frank as possible, and second, to assume that he was in 
an employment office after a job and had been asked to take the 
test as a part of the employment procedure. Table XI shows 
the mean scores for the seven components obtained under these 
two conditions. 
TABLE XT 


MEAN SCORES ON HUMM-WADSWORTH TEMPERAMENT SCALE OBTAINED IN A 
CLINICAL AND AN EMPLOYMENT SITUATION BY 65 COLLEGE STUDENTS * 


Clinical Employment Shift from Clinical 

Component Mean Mean to Employment 
REIN Gprin a Fee (ei os suta atic de, sho ouside 981 10238 + 42 

TMV UOTDED (os 55 otc etd wos) oho 3: we 1023 980 — 63 

1a (CoA Ae te PPR a 1035 937 — 98 
TDOPTORSIVE PVild sis Sie, letate wit ees 1061 913 — 148 
PEURTSONG Wt pte Se oles ui eo coun) Sa ahiess 1024 938 — 86 

PEM ANGIE Si slas. sale at cece Syd ons. 5% 970 955 -—15 
POPUOPtOl he week tlh a8 983 1002 + 19 


* All scores were computed by the log method, with correction for no-count, 
as described in the second 1940 revision of the manual of directions. 


It is apparent from Table XI that the employment situation, 
when compared with the clinical, shows a higher average value 
for the normal component and lower values for all except epi- 
leptoid of the remaining six components. In other words, the 
students were able, by assuming an attitudo of “applying for a 
job,” to change their test profiles toward more of the normal 
and less of the undesirable traits. All differences shown in 
Table XI are significant from a statistical viewpoint, and only 
scores were used in the computation that fell within the no- 
count limits, for both the clinical and employment situations, 
within which the manual of instructions states that the scale 
should be ‘“‘accepted as probably valid.” 


9 This study was conducted by W. J. Giese and F. C. Christy at Purdue Uni- 
versity. 
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Keven with the shift in means from one situation to the other, 
it would still be possible to infer one’s score in one situation from 
a knowledge of his score in the other situation if scores in the 
two situations were highly correlated. The correlations were 
computed and are shown in Table XII. 


TABLE XII 


CORRELATIONS BETWEEN CLINICAL AND EMPLOYMENT SITUATIONS ON THE 
HUuMM-WADSWORTH TEMPERAMENT SCALE FOR 65 COLLEGE STUDENTS 


Component Correlation 
aN e yg 1828 MT Pec PO SPO a el cose si MMW UR OMPRCRE RT ES ue See e Phar ote — .03 
TRV SCOT Ot oe se eheeta: 2, ou cols, o apse = ales ale elle ia: stem nicer nerenees + .42 
IVE GIT CE By alesis tor eC eect oh ete eka doe ph or ah oh gh Ue ge ene tee + .09 
WWE PPESSL VO 2 w22shedde ore ay oreo 0: wltsa slahe apa nna 9 ey see eee ee ed — .10 
CRITISEIG c) sare «hes a eths Sabie! sorbic. S00 sais ve) alte hel ties Oo Saree ey Rel ete + 11 
PPATANGIC oo ears shang ee kale! oA) safes BEG on oe eee eae + .61 
Pe pileptoid? ia. sie). hss chs, soe ghatagoen em abew aeeleiteteteay ttn eager + .23 


The only correlation in Table XII that is large enough to be 
significant is the one for the Paranoid Component. 

We are thus forced to conclude that, although the Humm- 
Wadsworth Temperament Scale is probably superior to any 
other instrument of this type that has been proposed for indus- 
trial use, it will not give a completely invariable picture of a 
person under any and all conditions of testing or point of view 
of the applicant. In spite of these criticisms, many industrial 
personnel men have reported excellent success with this scale, 
and we should not dismiss lightly the experiences of practical 
men. While a shift in one’s profile may, and does, occur from 
one situation to another, it is possible that a truly psychotic or 
mentally ill person produces an undesirable profile under all 
conditions of testing and will therefore be detected even when 
applying for a job. Even the borderline case may be detected 
in the job application situation if an excess amount of the Para- 
noid Component is present. Tables XI and XII show that this 
component shifted least from one situation to the other and is 
correlated to the greatest extent between the two situations. 
While final judgment on this scale cannot be given at present, it 
is quite possible that with continued revision and improvement, 
and with the establishment of further norms upon persons tested 
at the time of employment, the scale will become of real value 
to the employment manager. 
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Entirely aside from the use of the Humm-Wadsworth Scale as 
a device for selecting employees, the possibility exists of using 
this test as a means of helping present employees overcome pos- 
sible weaknesses that may exist in their temperaments. A num- 
ber of industrial men have reported the successful use of the 
test for this purpose. The procedure consists in having the test 
taken by those employees or supervisors who are having some 
sort of trouble in adjusting their personalities to the demands 
of the situation. Very often it is possible to awaken among em- 
ployees an interest in self-improvement that will inspire them 
to take the Humm-Wadsworth Scale as an experimental venture. 
Under such circumstances, they often give rather frank and hon- 
est answers to the questions. The resultant profiles bring into 
sharp relief any personality deviations that may be present. 
With the profile before him, a skillful counselor can often bring 
the person tested to realize that the picture presented by the 
test is fairly accurate. When this much has been accomplished; 
when the employee has been given an insight into his weak- 
nesses as well as his strength, he is much more able to do some- 
thing about himself than if he goes about from day to day 
without realizing that certain. aspects of his behavior may be 
“rubbing people’s hair the wrong way.” 

For such a purpose, it is not necessary that the test give a 
completely accurate representation of an individual’s personal- 
ity. If it brings into relief even partially those aspects of his 
personality which most need attention, and if a skillful counselor 
can bring about an insight into this condition without upsetting 
the employee’s general emotional balance, a very real step in the 
direction of self-improvement has been made. Industries have 
found the Humm-Wadsworth Scale a real help in connection 
with such counseling procedures within their plant. 


The Measurement of Interest 


Everyone realizes that an individual’s interests direct his 
activities. The student who is interested in engineering will 
study long hours, apply himself with diligence, and achieve a 
mastery of the engineering subjects that is limited only by his 
capacity to master those subjects. A student who lacks this 
interest, even though he may have the same or even greater 
capacity, will find excuses for not studying his calculus, will go 
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to the movies or to a dance when he should be writing up labora- 
tory reports, and will in other ways avoid those hours of pro- 
longed study without which successful accomplishment cannot 
be attained. 

Vocational Guidance. counselors have long recognized that it 
is just as important to be sure a boy is studying for a vocation in 
which he has a real and driving interest as to be sure that he has 
the capacity to achieve success in that field. Without an inter- 
est, no amount of capacity will be sufficient; just-as without the 
capacity, no amount of interest will be sufficient. 

Up to the present time, very little has been done in the indus- 
trial placement of employees by way of ascertaining their inter- 
ests and placing them upon jobs for which they not only have 
the necessary. capacity but in which they also are definitely 
interested. | 

The accurate measurement of the true interests of persons 
applying for jobs is subject to the same difficulties as the 
measurement of their personalities. If one is very anxious to 
obtain a certain job (for monetary or other considerations) it is 
not lkely that he will reveal his true interest if that interest 
happens to be in some direction that is not related to the job. 
The industrial application of interest-measuring techniques is 
therefore limited largely to situations in which the person tested 
is not to be selected or rejected for employment as a result of the 
test but rather is to be hired anyway and will be placed or later 
transferred in accordance with his basic interests. 

Several investigations have indicated that the interest ques- 
tionnaire, when used in this manner, is of value in industry. 
Shartle *° made a study of two groups of foremen, one consisting 
of highly successful supervisors and the other made up of fore- 
men approximately equal in job skill but less able than the first 
group in handling the personal aspects of their supervisory 
jobs. In Shartle’s investigation the Strong Vocational Interest 
Blank ** was given to all the supervisors and this was followed 
by a detailed clinical interview. The results showed that the 
less successful foremen were characterized by more interest 


10C, L. Shartle, “A Clinical Approach to Foremanship,” Personnel Journal, 
XTIT (19384), pp. 135-139. 

11E. K, Strong, Jr., “Vocational Interest Test,” Educational Record, VIII 
(1927), pp. 107-121. 
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in withdrawing from others, by more indifference to the actions 
of others, and by more antagonistic reactions toward others. The 
study suggests that interest in dealing with others is one of the 
prime requisites of the successful supervisor.) Laycock and 
Hutcheon * have reported a study in which a battery of tests 
containing, among other things, a measure of interest in physical 
science gave a correlation of .66 with success in engineering 
courses. 

Although the Strong Vocational Interest Blank measures in- 

tefests for a large number of vocations, it is possible that a much 
smaller number of basic interests is involved. Thurstone*’ re- 
ports a multiple factor study of vocational interests that shows 
by an analysis of Strong Blank results that interests may be 
basically divided into four general fields: science, language, 
people, and business. It would seem to be important for the 
personnel manager to consider these interests as well as abilities, 
particularly in the case of college graduates or others who are 
expected to show considerable development over a period of 
years. It is probably unwise to place in the scientific develop- 
ment department young college men whose basic interests are 
in people and business; and it would seem to be equally unwise 
to put into the sales department those whose basic interests 
are scientific. Fortunately, it is often possible to obtain a 
fairly accurate picture of an applicant’s or employee’s interests 
by means of an interview in which a number of questions are 
asked about such topics as present and past activities, hobbies, 
and how vacations are spent. 
[Ww ithin recent years two new techniques for the measurement 
of interest have been published. One of these, the Kuder 
Preference Record,’* furnishes a measure of the relative amount 
of an individual’s interest in seven fields: scientific, computa- 
tional, musical, artistic, literary, social service, and persuasive. 
The test is easy to give, self-scoring, and has been found to be 
very serviceable in the general field of vocational guidance. | 


128, R. Laycock and N. B. Hutcheon, “A Preliminary Investigation into the 
Problem of Measuring Engineering Aptitude,’ Journal of Educational Psychol- 
ogy, XXV (1939), pp. 280-289. 

13L, L. Thurstone, “A Multiple Factor Study of Vocational Interests,” Per- 
sonnel Journal, X (1931), pp. 198-205. 

_ 14Kuder Preference Record, Test and Manual (Science Research Associates, 
Chicago, 1939). 
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The other test, the Cardall Primary Business Interests Test,” 
is of even more immediate practical importance in business and > 
industrial situations. This test is designed to measure an indi- 
vidual’s preferences for the specific job activities that character- 
ize beginning business jobs. These immediate and specific pref- 
erences point to the initial job, determine the individual’s inter- 
est or boredom in his first activities, and often determine to a 
considerable extent his progress in his work. The five business 
fields in which this blank measures interest are: accounting, col- 
lecting and adjusting, sales office work, sales store work, and 
stenographer-filing. 

While it is not always possible for an employment manager to 
place employees according to their interests, it 1s perhaps pos- 
sible for him to do so more frequently than is often realized. In 
the shifting and transfer that continually occur in any large 
business or industrial plant, it is good business as well as good 
industrial relations to consider whenever possible the basic in- 
terests and desires of employees who are being shifted. Ade- 
quate consideration of these interests goes deeper than basing 
transfers upon mere statements of preference. It is entirely 
possible that in many cases the employee himself does not know 
what type of work he would be most interested in because he is 
not sufficiently familiar with various types of work. Business 
interest tests, such as the Cardall Scale, measure an individual’s 
basic interests by sampling a number of activities that represent 
different kinds of jobs. Such a test gives a reasonably accurate 
indication of the individual’s basic interest in various jobs even 
though he is not familiar with the details of the job in question. 

Much remains to be done in the fields of personality and inter- 
est tests. A serious obstacle in the way of both of these tests is 
the employee who does not want to be measured, or who wants 
to be falsely measured, and who may not, therefore, give useful 
test results. Certainly this difficulty is a much greater obstacle 
to personality and interest measurement than to the measure- 
ment of intelligence, dexterity, or trade achievement. An em- 
ployee whose mental ability is such that he is able to answer 
correctly only ten problem questions out of fifty questions asked 
is utterly unable to answer twenty or thirty of the questions in 


15 A. J. Cardall, Primary Business Interests Test (Science Research Associates, 
Chicago, 1941). 
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order to give the false impression that he has more mental abil- 
ity than he really has. The test itself sets the limit of his per- 
formance; and while he may have more ability than is shown on 
the test (because of being ill or otherwise indisposed when the 
test was taken), we can safely assume that he does not have less 
ability. | But in the measurement of both personality and inter- 
est 1t is necessary to be sure, before the test is administered, that 
the employee himself has been convinced that sincerity and 
truthfulness in answering the questions will operate to his own 

eventual advantage in helping the employment manager place 
~ him where he is most likely to achieve success. Unless the situa- 
tion is such that the employee can be so convinced, it is seldom 
wise to place too much confidence in the results of the person- 
ality and interest tests that are now available. 


6 
Visual Problems of Industry 


PRACTICALLY every industrial job requires some degree of vi- 
sion, and many jobs require a high degree of skill in some par- 
ticular visual function. The inspector of small parts for 
“appearance” must have keen vision at close distances. The 
operator of certain knitting and other textile machines must not 
only have keen vision at close distances but also must be able to 
maintain such vision for long periods of time with only occa- 
sional interruption. The truck driver, crane operator, and signal 
man must have keen vision for greater distances and good per- 
ception of space relationships. Color discrimination is of im- 
portance to an employee wiring a radio (because he must 
discriminate between wires of different color), to the operator 
of a color-printing press, to the pipefitter tracing a color code 
through the plumbing system of a plant, and to the operator of 
mobile equipment who must depend upon colored signals to de- 
termine whether roads are open or pathways clear. Various 
measurable visual characteristics have been found to be related 
to successful performance on certain jobs—even on jobs in 
which these visual factors could not be inferred from ordinary 
job analysis procedures. 


Measurement of Vision 


Management in productive industries has long recognized the 
importance of vision in employees. Some form of vision test, 
administered either in the employment office or as a part of the 
medical examination, is perhaps more common in industry than 
is any other form of employee test. It is important for the in- 
dustrial psychologist to know the various purposes and points 
of view that are represented in existing visual programs in indus- 
try so that he may relate: his own work to the activities already 
under way. 
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Measurement for compensation purposes 


Certain minimum visual requirements have seemed desirable 
if employees are to move safely around a plant or simply to and 
from their work stations. Underwriters of industrial accident 
and compensation insurance have recommended, and industries 
have widely adopted, certain minimum standards of vision for 
new employees on the basis of the best professional opinion 
available, expecting that the adoption of such standards would 
result in a reduction of accidents and insurance costs. Visual 
tests given at the time of employment for purposes relating to 
compensation insurance serve not only as an aid in classification 
of employees on the basis of suspected accident liability but also 
are useful in compensation cases when it is important to know 
whether a condition of visual deficiency was caused by injury or 
disaster on the job during an employee’s period of service, or 
whether that condition was present. when he was first employed. 
Several different aspects of visual function have been proposed * 


for appraisal in determining relative loss of competence for . 


earning a living due to visual disaster; but in common practice, 
such consideration is frequently limited to a single visual factor. 
Usually this factor is the ability, measured separately for each 
eye, to discriminate detail at a standard distance. 

Purposes relating to accident compensation are often accom- 
plished satisfactorily by simple standardized methods of testing. 
A widely used test for these purposes is the Snellen letter chart, 
which consists of several rows of block letters of decreasing size, 
usually placed at a distance of twenty feet from the subject. A 
typical Snellen chart is shown in Figure 42. The test is admin- 
istered by determining, separately for each eye. the smallest let- 
ters that the subject can read. 

Letters with a uniform size of parts and details, so that at the 
testing distance these details subtend angles of one minute of 
arc, are accepted as the minimum readable size of letters for a 
“standard eye.” The values attached to the different sizes on a 


chart represent the distances at which the “standard eye” can 


read. these letters of various sizes. The larger the letters at 
twenty feet that are necessary for readability, the poorer the 
1“Report of the Committee on Compensation for Eye Injuries: Appraisal of 


Loss of Visual Efficiency” (American Medical Association, Atlantic City, N. J., 
May 26, 1925). 


= 
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visual acuity. The Snellen notation of acuity scores is in the 
form of a fraction—the smaller the fraction, the poorer the vi- 
sion. In this fraction the numerator is constant and represents 
the distance of the test, and the denominator represents the pro- 
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Fie. 42—Snellen and “A.M.A.” test charts with scale for a 
Snellen scores to per cent of visual efficiency. 


portionate size (or “standard” distance) of the smallest letter 
that an individual subject can read with one eye at the testing 
distance. Thus visual acuity scored 20/20 is standard. <A score 
of 20/40 means that the subject, with one eye, can read at 
twenty feet what the “standard eye” can read at forty feet. 
Scores are usually obtained separately for right eye, left eye, and 
both eyes together. Scores below 20/20 (smaller fractions) repre- 
sent substandard visual acuity at a distance of twenty feet, and 
may range even lower than 20/200, which is usually considered 
the equivalent of blindness from the standpoint of industrial 
opportunity. Similarly, scores above 20/20 represent above- 
standard visual acuity and may range as high as 20/10. Aver- 
age acuity for different groups of employees frequently will be 
above the standard 20/20, although too few test levels are pro- 
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vided on the chart for adequate classification in the range of 
standard and superior acuity. 

The Snellen acuity designations are not intended to represent 
fractions of useful vision. It might appear that the employee 
who scores 20/40 at a distance of twenty feet can see only half 
as well as an employee who scores 20/20 at the same distance. 
As a matter of fact, he may see equally well if he is only half as 
far away, and at other test distances he may be able to score 
just as high. He is certainly not handicapped 50 per cent in op- 
portunity to earn a living. In order to simplify interpretation 
of visual acuity scores and to set up an equitable scale for award- 
ing compensation in proportion to actual incapacity due to eye 
injury, the American Medical Association has adopted’ and 
recommended for use in industry a percentage system of acuity 
notation, with the distinguishing title of “Visual Efficiency.” * 
Where the Snellen test measures acuity in terms of an actual 
minimum visual angle, the American Medical Association nota- 
tion interprets this angle in terms of percentage of visual effi- 
ciency. ‘The difference between this percentage and 100 per cent 
is the percentage “loss of vision.” A conversion scale for trans- 
lating acuity scores into the percentage notation is shown in 
Figure 42. A letter test chart that measures visual angles in 
steps directly equivalent to intervals of 5 per cent on the Ameri- 
can Medical Association scale is also shown in Figure 42. 

The American Medical Association per cent notation is ordi- 
narily not carried above 100 per cent or below 20 per cent, and for 
compensation purposes in industry no extension of this range is 
necessary. Acuity above standard is usually considered as only 
100 per cent in computing compensation awards; and in the ab- 
sence of records, 100 per cent acuity is assumed prior to the time 
of an eye injury. Twenty per cent acuity or less is frequently 
considered as complete lack of acuity or industrial blindness, and 
is therefore not measured or classified more precisely. These 
practices vary in different states, and the industrial relations 
officer should be familiar with the legal practices in his state re- 
garding compensation for injury in industry.*. In the upper 


2 Ibid. 


3 Albert C. Snell and Scott Sterling, “The Percentage Evaluation of Macular 
Vision,” Archwes of Ophthalmology, LIV (1925), pp. 443-461. 

4See A. C. Snell, Medicolegal Ophthalmology (C. V. Mosby Company, St. Louis, 
1940). 
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range of acuity scores (standard or above) adequate segregation 
of differences in acuity is not possible with these letter charts, 
since the common Snellen chart provides only two or three test 
levels above standard and the percentage chart provides none. 
It is in this range that the great bulk of acuity scores fall. Other 
limitations of the Snellen letter test have been pointed out,’ and 
nonliterate test charts have been developed. These charts elim- 
inate letters and require the subject to identify a spatial pattern, 
such as a broken ring that may have its open area at the top, 
bottom, right, or left. In spite of the limitations of both the 
Snellen and American Medical Association charts, these tests 
have furnished industry with a convenient and satisfactory basis 
for segregating and classifying cases of substandard acuity. 

In using either a Snellen or an American Medical Association 
letter test chart, or in accepting the results of such a test, the 
following points should be kept in mind: 

1. It is a legally acceptable means for determining keenness of 
vision. | 

2. It is subject to external influences such as illumination, 
glare, distance, and opportunity to memorize the chart. These 
influences should be standardized as much as possible. 

3. It represents only one aspect of visual performance, namely, 
keenness of vision at a distance. 

4. It measures “readability of letters.” This gives the more 
highly literate employees some advantage. For illiterate em- 
ployees, a substitute for letters is necessary. Even for literate 
employees other types of acuity test objects correlate better with 
successful performance on some jobs. 

5. It measures acuity at a standard distance. For many jobs 
requiring close vision, acuity must be measured at close dis- 
tances. In large unselected groups the correlation between acu- 
ity scores at different distances may be very low if not actually 
zero (see page 150). 

6. Standard acuity of 20/20 is not an average or a norm in the 
statistical sense; it represents satisfactory acuity in the legal 
and in the clinical sense. | 

7. It adequately differentiates only substandard levels of acu- 
ity; at standard and superior levels it differentiates only grossly. 


> ©, E, Ferree and G. Rand, “A New Method of Rating Visual Acuity,” Journal 
of General Psychology, XXV (1941), pp. 143-176. 
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8. Its reliability and validity have not been established sta- 
tistically. The average difference in readability of different let- 
ters of the same size has been shown by item analysis, but since 
these differences vary among individuals, no standard correction 
for them has been made. 

9. In order to get valid measures of means and standard devi- 
ations of acuity scores on these scales, it is necessary to convert 
all scores to their equivalents on an acuity scale that yields an 
approximately normal distribution. The reciprocals of minimum 
visual angles in minutes of arc, converted to decimals, comprise 
such a scale and are used for acuity studies summarized in this 
chapter. Values on this scale do not represent fractional parts of 
useful vision any more than do Snellen values. The acuity levels 
of a typical letter chart are spaced unequally on such a scale. 


Measurement for employment 


Minimum visual requirements for employment have been in- 
creasing in prevalence and comprehensiveness, along with more 
stringent government standards for license to operate public or 
private automobiles and airplanes. Often these standards vary 
from job to job. In the commercial aviation industry, vision 
standards are comprehensive, severe, and selective for pilots and 
employees on certain other jobs. The standards are enforced 
rigorously not only at the time of initial employment but also 
throughout the entire period of service of these employees. 
Rigorous enforcement of visual standards has long been a prac- 
tice among railroads for their trainmen and is rapidly being 
adopted for drivers of commercial transport trucks and busses. 
In these industries, the “common carriers,” minimum visual and 
other physical standards are set and enforced by government 
regulation. 

Measurement of vision for this purpose is usually satisfactory 
with simple “screening tests,” which measure performance at the 
lower levels of ability and “screen out” those who score below 
some set level. The Snellen test is used widely for this purpose. 
The Keystone Visual Safety Tests ° are a battery of such screen- 
ing tests adapted from a battery for visual screening among 
school children. The limitations of screening tests in industry, 


6 The Keystone View Company, Meadville, Pennsylvania, 
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which will be pointed out later, prevent them from being very 
useful for other industrial purposes, such as job analysis studies 
and careful placement of employees. 

A reaction has been voiced ‘ against visual screening tests and 
enforcement of minimum visual standards for employment in 
productive industry. Some workers with substandard vision, 
especially experienced workers, may be valuable employees on 
certain jobs if proper precautions are taken for their safety and 
transportation. Successful attempts to fit seriously handicapped 
workers into some types of productive jobs in industry have 
been reported through the Society for the Prevention of Blind- 
ness... During periods of emergency production it is necessary 
to find some job for every possible worker, and even during 
periods of normal production it is not advisable to segregate a 
large group to whom employment is denied because of their un- 
correctable visual deficiencies. This is especially true if the 
standards have been set arbitrarily without adequate evid@nce of 
the importance of such visual characteristics in industry. 

Instances have been found in which arbitrary minimum 
standards of vision have not only failed to select the better po- 
tential employees but actually selected the poorer ones (see page 
140). Such standards also deprive an industry of some of the 
skillful and experienced workmen who apply for jobs. Even 
when a correlation exists between visual performance and effi- 
clency on a certain job, it should not be assumed that all appli- 
cants who have just barely more than a standard amount of that 
characteristic will be more successful on the job than all appli- 
cants who have barely less than the standard amount. The 
principle of employee placement in such circumstances is that, 
other factors being equal or unknown, employees with relatively 
greater amounts of a certain characteristic are more likely to 
succeed than others. However, since an employment office often 
has a limited number of applicants, the standards for employ- 
ment on any job must be flexible. Moreover, those who are not 
hired for some specific job may be entirely satisfactory if hired 
for some other job that has different visual requirements. 


7A. C, Snell, “Subnormal Vision and Occupational Aptitude,” New York State 
Journal of Medicine, XLI (1941), pp. 1165-1171. 

8K. B. Merrill, Occupational Adjustment of the Visually Handicapped. Publi- 
cation No, 212 (National Society for the Prevention of Blindness, 1936). 
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Measurement for placement 


For purposes of allocating employees to specific jobs after they 
have passed all minimum requirements, and of selecting em- 
ployees to whom costly training will be offered, it has been found 
most important to differentiate carefully among levels of visual 
performance higher than any minimum standard. This differen- 
tiation should consider not only visual acuity but also several 
other measurable visual functions and aspects of visual perform- 
ance or visual aptitude that have been found related to safety, 
successful job performance, tenure, or other criteria of employee 
desirability. Such placement procedures must be based on the 
principle of the “selection ratio” (discussed in Chapter 2) in 
terms of the number of employees available for placement, 
rather than on invariable standards. And in order to take ad- 
vantage of this principle, it is necessary to use visual measures 
that @fferentiate adequately among levels of performance at 
both ends of the range. It must be possible, with reasonable 
precision, to segregate any desired percentage of employees at 
either end of an acuity scale or any other measure of vision. 
This necessitates a type of test different from simple screening 
tests and yet also different from highly technical and diagnostic 
clinical tests. 

The investigations reported in this chapter have clearly indi- 
cated the need for adequate visual classification and placement 
tests specifically adapted to industrial purposes and conditions. 
These investigations In many types of industry have indicated 
certain aspects of visual performance as being of most. general 
importance for classifying and placing employees according to 
differences in visual characteristics. 

1. Keenness of vision (visual acuity) at appropriate distances 
—usually tested at twenty feet and thirteen or sixteen inches. 
This visual function is the ability to discriminate black and 
white detail, measured in terms of the minimum separable areas 
that can be distinguished. For industrial placement such a test 
should be equally valid for illiterate and literate subjects and 
should avoid the complications introduced by a factor involving 
discrimination and recognition of different shapes, such as let- 
ters. The scale should make it possible to classify acuity scores: 
adequately at either end of the range. Separate scores should be 
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recorded at least for both eyes together and the worse eye alone. 
Since acuity is modified by brightness, glare, and other external 
conditions, the acuity test must be given under Soak see and 
standard conditions. 

2. Discrimination of differences in distance (depth perception, 
or stereopsis). This function is an important phase of correct 
perception of spatial relationships. Of several cues for judging 
relative distances of objects, the most important for normal two- 
eyed persons, and the one that can be controlled and measured 
most reliably, depends on the slight difference in the position of 
the two eyes. The two eyes perform a geometric triangulation 
upon a distant object, and the distance of that object is per- 
ceived through an integration of the minute differences in ap- 
pearance of the object to the two eyes. Other cues for perceiving 
distance in the third dimension may augment but cannot ade- 
quately substitute for this cue from two-eye functioning. Stere- 
opsis is measurable quantitatively like any other humaf@ func- 
tion and should be so measured for employee placement. 

3. Discrimination of differences in color. Accurate color dis- 
crimination is important on some jobs, and it may also reflect 
certain aspects of health that are important for adequate per- 
formance on many jobs. The particular colors to be differen- 
tiated should include as many combinations as there are factors 
in color sensitivity. The most important combinations are those 
that represent common colors in signal lights. In order to read. 
such signals correctly, it is important not only that an employee 
should be able to differentiate between them but also that he 
should be able to identify and interpret correctly the meaning of 
each color. Any test of color vision can and should be scaled for 
quantitative measurement and classification of employees. 

4. Postural characteristics of the eyes (phorias) at appropri- 
ate distances—usually twenty feet and thirteen or sixteen inches. 
Under certain testing conditions, which eliminate the necessity 
for the eyes to converge on a single point, the eyes assume a pos- 
ture that may converge or diverge from that required in normal 
seeing at the test distance. Such postures (called “phorias” in 
clinical terminology) are measured in terms of angular deviation 
from the posture normally required for that distance. The devi- 
ation may be lateral or vertical and is measured separately in 
each direction. The explanation of this phenomenon has not 
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been determined finally; nevertheless such characteristics should 
be measured because they are related to performance on certain 
industrial jobs. Such measurement must be done with adequate 
control and standardization of the several factors that may mod- 


Fic. 43—The Ortho-Rater: a device for the visual classification and placement of Wa |4 
industrial employees. 


ify the measurement, such as the distance and focus requirement 
of the test. 

These are not, of course, the only visual functions that are of 
importance in all industries, but they comprise a reasonable 
minimum for a program of testing applicants and employees. 
These tests have been adapted satisfactorily for simple and rapid 
use in industry, and they are the ones most widely recommended 
by leaders in industrial ophthalmology ° for use in industry. 

The Bausch and Lomb Visual Classification and Placement 
Tests for Industry *° are the first battery of vision tests to be 
constructed on the basis of specifications derived from extensive 

9 Hedwig S. Kuhn, 4 New Concept of Visual Performance in Industry. Publi- 
eation No. 340 (National Society for the Prevention of Blindness, 1940). 

A. C. Snell, “The Field of Industrial Ophthalmology,” American Medical Asso- 


ciation, Section of Industrial Health (Chicago, Jan. 13, 1942). 
10 The Bausch and Lomh Optical Company, Rochester, N. Y. 
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investigations among industrial employees in industrial situa- 
tions. These tests cover the visual functions described above 
and, for maximum speed and convenience in testing, are in- 
corporated in a single instrument, shown in Figure 43. This in- 
strument, called the Ortho-Rater, is a precision stereoscope of 
relatively long focal length that permits adequate and separate 
control of test stimuli for each eye. Tests are given at optical 
equivalents of twenty feet and thirteen inches. Stereoscopic 
methods of vision testing have been used since the late nine- 
teenth century and were early described by Wells.‘ The sta- 
tistical data upon which these tests are based, together with the 
results of validating studies, will be published in monograph 
form. 


Individual differences in vision 


Employees and applicants differ just as markedly in visual 
characteristics when they are adequately measured as in any 
100 
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Fie, 44—Per cents of employees passing a test of depth perception at different 
levels of difficulty. Curve based on 6964 employees. 


11 David Wells, The Stereoscope in Ophtha’mology, second edition (tobe Op- 
tical Company, 1918), 
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other characteristics, and these differences correlate in many re- 
spects with differences in job performance.) Differences in visual 
acuity have already been mentioned (page 13). Figure 44 
shows differences in the percentage of €964 employees in a steel 
mill who were able to pass various levels of a simple screening 
test of depth perception, Passing percentages range from 96 per 
cent on the easiest level to 79 per cent on the most difficult. It 
is impossible with such a test to discriminate among the best 
79 per cent of these employees with respect to depth perception. 
Figure 45 shows differences in percentage of 7153 employees who 
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Fic. 45—Per cents of employees passing a test of red-green discrimination at dif- 
ferent levels of difficulty. Curve based on 7153 employees. 


3 


passed different levels of a screening test of red-green color dis- 
crimination. The passing percentage ranges from 99 per cent at 
the easiest level to 55 per cent at the most difficult level. The 
two easiest levels are of practically the same difficulty and the 
most difficult level did not differentiate among the best 55 per 
cent of employees. Each of these functions varies in degree 
among different employees and can be measured on a continuum 
with the proper steps or intervals. 

All of the visual functions proposed above for use in industry 
can be measured quantitatively, and should be so measured to 
ceive the most satisfactory results in employee placement. 
Screening tests indicate relationships between vision and job 


\ 
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performance, but are not adequate for placement of employees 
according to the amount of any visual skill that they possess. 


Vision and Job Proficiency 


The importance of vision in industry can be satisfactorily 
demonstrated only in relation to acceptable industrial criteria, 
such as hourly production, proportion of work rejected for 
defective workmanship, supervisors’ ratings of employees, em- 
ployee absences, rate of labor turnover, or some other measur- 
able aspect of employee value to the company. The visual 
characteristics that correlate with these industrial criteria differ 
from job to job and cannot ESR be predicted without 
correlational evidence. 


Vision on fine assembly work 
Different visual characteristics will vary in their relative im- 
portance on different small assembly operations; and on any one 
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ACUITY (NEAR) 
PHORIA (NEAR) 
STEREOPSIS (FAR) 


55 60 
AVERAGE HOURLY EARNINGS 


ACUITY (FAR) 
ACUITY (NEAR) 
PHORIA (NEAR) 
STEREOPSIS (FAR) 


50 60 
RATED QUALITY OF WORK 


[— PASSING GROUP 
MHMZ FAILING GROUP 
Fic. 46—Differences in quantity and quality of work 
among 383 employees, of equal experience on a job of 
electrical assembly, who passed or failed four vision 
tests. 
operation visual characteristics will vary in importance with re- 
spect to different industrial criteria, such as quantity and qual- 
ity of work. Such a situation is illustrated in a job in assembly 
of small electrical parts. Figure 46 shows the differences in 
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quantity and quality of work for employees of equal experience 
who passed or failed at certain levels on each of a battery of vis- 
ual tests. Each white bar represents the passing and the adja- 
cent black bar the failing group on each visual test.. The length 
of bar in the upper part of the figure shows the average produc- 
tion of the employees in the “passing” and “failing” groups on 
each vision test. Those who failed on the vision tests produced 
more, as shown by the relatively longer black bars, than those 
who passed these tests. Supervisors’ ratings on quality of work 
showed a different relation with visual performance on most of 
these tests. In the lower part of the figure the length of each 
bar represents the supervisors’ ratings on quality of work of 
these same groups of employees: a white bar for the group who 
passed each test and a black bar for the group who failed. Those 
who passed, except on distance acuity, did better work. 

A reasonable conclusion from this contrast in evidence of the 
two criteria is that employees with more critical near vision had 
a more critical concept of standards for this job. They observed 
and corrected their own mistakes more frequently, and therefore 
slowed down their production more than those with less critical 
vision. Whether speed or accuracy of work is to be the primary 
criterion for placing employees on such jobs is a matter of com- 
pany policy, as discussed on page 95. 


Vision for inspection 


Visual operations in inspection for size and other physical 
standards can often be reduced to problems of reading gauges 
and meters; but inspection for appearance is primarily a matter 
of vision and training. For a study of the relation between vi- 
sion and accuracy of inspection, 150 tin plate inspectors were 
tested on a battery of visual screening tests and classified in 
three groups according to the number of tests they passed. A 
complete summary of this work will be given in Chapter 10, but 
it should be mentioned here that a definite relation between the 
vision of these employees and the accuracy of their inspection was 
revealed. Figure 47 shows the percentage of accuracy of inspec- 
tion for three groups of employees (A, B, and C) on four types 
of defective tin plate. Employees in Group A passed most. vi- 
sion tests; those in Group B passed some; and those in Group C 
passed fewest. It will be observed that as we go from the group 
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with good vision to the group with poor vision, the accuracy for 
the various types of defect usually tends to become progressively 
poorer. The one marked exception to this rule occurred in the 
detection of weight defects. Among the inspectors studied, 
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Fig. 47—Accuracy of inspectors with good vision (A), average vision (B), and 
poor vision (C) in spotting four types of defective tin plate. Results based on 
150 inspectors. 


those with poor vision were more accurate in spotting this par- 
ticular defect than were those with good vision. Perhaps this 
may be explained by the fact that this group has compensated 
for a handicap in one respect (visual) by developing greater 
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than average skill for another aspect of the job where vision 1s 
not essential. 


Vision in clerical work 


The relationship between vision and one type of clerical work 
is indicated in Table XIII, which gives average hourly produc- 
tion and average hourly errors for 23 clerks classified as “pass- 
ing” or “failing” on each of a series of visual screening tests. No 
consistent relation was apparent from these tests between vision 
and quantity of production, but those who failed made more er- 
rors on the average than those who passed. On the two tests 
(phoria, far and near) that showed a negative relationship with 
production, the standards for passing were not appropriate for 
selecting clerks with respect to production on this job. 


STARUE XIU 


AVERAGE PRODUCTION AND AVERAGE ERRORS OF CLERKS WHO PASSED AND 
FAILED Four VISION TEsTS 
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Vision for looping hosiery 


The looping operation, which accounts for about 20 per cent 
of the total labor cost in the manufacture of cheaper types of 
hosiery, requires continuous critical vision at an average work- 
ing distance of eight inches from the eyes. The relationship be- 
tween visual discrimination at a distance of twenty feet and 
production for 199 operators on this job is shown in Figure 48. 
Keener vision is plotted to the right on this chart and higher 
production at the top. Operators with poorer vision were quite 
consistently better producers. This discrepancy can be ex- 
plained by the extreme difference between testing distance 
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(twenty feet) and working distance (eight inches). Those op- 
erators who were visually best adapted to the job were not 
adaptable to demands for distance discrimination. At a dis- 
tance of thirteen inches all of these operators had such keen 
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Fic. 48—Relation between distance acuity test scores and production of 199 
hosiery loopers. 


vision that a simple test failed to differentiate among them. In 
selecting operators for this job (and also on some other jobs re- 
quiring very close vision) a distance acuity test selects poorer 
operators and rejects many of the better ones. It would not be 
wise, however, to allocate to such jobs only those who failed the 
distance test, because keen discrimination and other visual char- 
acteristics for nearer distances are important qualifications. The 
relationship between one such characteristic, focus posture tend- 
ency, and production in looping is graphed in Figure 49. The 
focus posture test ** measured the tendency of these operators to 
focus closer or farther away than a test stimulus at sixteen 
inches. Tendencies to focus closer are plotted to the left and 
tendencies to focus farther away are plotted to the right. Op- 
erators who tended to focus closer showed higher average pro- 
duction. 


12The test used was adapted from the fused cross cylinder test described by 
S. K. Lesser, An Introduction to Modern Analytical Optometry, revised edition 
(Optometric Extension Program, Duncan, Okla., 1937). 
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These results indicate that the selection and placement of em- 
ployees on close vision jobs of this type can best be made by 
means of vision tests that measure how well the employees’ vi- 
sion is adapted to the job. Adequate placement cannot be ac- 
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Fic. 49—Relation between fused cross cylinder test scores and production 
of 103 experienced hosiery loopers. 


complished by means of a single acuity test given at 20 feet. 
Indeed, the use of such a test for employees on this type of work 
may result more often than not in placing the least adapted em- ; 
ployees on the job. | | 


Vision in miscellaneous jobs 


On one group of over 6000 steel workers, unclassified as to 
job, vision tests were related to supervisors’ ratings of the em- 
ployees. The employees, who had been rated on a uniform rat- 
ing scale, were classified according to these ratings into high, 
low, and middle thirds. The percentages of employees in the 
high and low thirds—according to the ratings—who passed 
different tests of vision are given in Table XIV. Such a gross 
classification does not show all of the relationships that exist 
between certain visual characteristics and success on particular 
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jobs; but the fact that some relationships can be demonstrated 
in such a miscellaneous group of employees with such crude cri- 
teria indicates the general importance of visual factors in deter- 
mining employee efficiency. 


TABLE XIV 
PERCENTAGES OF MIscELLANEOUS EMPLOYEES IN HicH AND Low RatTEep Groups 
Wuo PassEep TEsts OF VISION 
The high rated group included 2045 employees; the low rated group included 2096 
employees 
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Vision and accidents 


An area in industrial problems of vision that has frequently 
dominated all other considerations is protection for the eyes of 
workmen. Injuries to the eyes of workmen are one of the most 
common types of injury in industry. In one large steel mill, 
minor eye injuries accounted for 18.8 per cent of all minor in- 
juries. A proportion of eye injuries as large as this is not un- 
common in other industries, and the total economic loss from 
such accidents is tremendous. Extensive programs of visual 
safety have been developed in many large industries. Eye in- 
juries, besides being costly, impair the visual proficiency of 
plant personnel; and therefore visual safety has merited the vig- 
orous attention it 1s now receiving.” 

A more subtle problem of accident prevention is the prevent- 
ing of injuries caused by faulty vision. The relation between vi- 
sion and accidents has been established by statistical research on 
automobile drivers.** In industry these relations are often ob- 

18 L. Resnick, Hye Hazards in Industry, Extent, Cause, and Means of Preven- 
tion (National Society for the Prevention of Blindness, 1941). 

14K. D, Fletcher, “Capacity of Special Tests to Measure Driving Ability,” Pre- 


liminary Report on Special Tests, Part I (State of California, Department of 
Motor Vehicles, Division of Drivers Licenses, 1939). 
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scured by lack of adequate data from accident reports.” Such 
reports are concerned primarily with the employee or employees 
who were injured, whereas the defective vision of someone else 
may have been responsible for the accident. In spite of this 
possible uncontrolled factor, a recent investigation indicates a 
relationship between poor vision and accident experience. 
Table XV shows the percentage of employees who sustained 
lost-time accidents over a two-year period in a group of several 
thousand steel mill employees unclassified as to job but segre- 
gated aceording to whether they passed or failed several vision 
tests. Those who failed had more accidents on the average than 
those who passed, except on the test of color vision. Such fig- 
ures, however, need to be determined separately for each job in 
order to eliminate differences in factors of job hazard and job 
standards of vision that affect the total result. 


TABLE XV 


PERCENTAGE OF EMPLOYEES PASSING AND FAILING ON TEsTS OF VISION WHO 
Hap SustTaiInED Lost-TiIME ACCIDENTS 
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For this same unclassified group of employees the relationship 
between scores on a distance phoria test (in units of deviation 
from the mean) and serious accidents (home cases and lost-time 
cases) is graphed in Figure 50. Employees showing a tendency 
to converge their eyes more than normal had experienced sig- 
nificantly more than the average number of serious accidents, 
while employees with a tendency to diverge their eyes more 
than normal had experienced fewer than the average number of 
serious accidents. While it is possible that these relationships 
are due to a third common factor such as age (since both con- 


15 P, W. Cobb, “The Limit of Usefulness of Accident Rate as a Measure of 
Accident Proneness,” Journal of Applied Psychology, XXIV (1940), pp. 154-159. 
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vergence tendency and accident frequency decrease with age), 
these results suggest that it may be possible to identify some 
of the most accident-prone employees by means of vision tests. 
For proper evaluation of the relation between vision and 
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Fic. 50—Relation between a distance phoria test and serious accidents, based on 
440 accident cases covering two years. 


accidents, however, it will be necessary to have visual data not 
only on the employee who was injured but also on all other 
employees who were in any way associated with the accident. 


Ocular service and job performance 


Some visual requirements on some jobs may be such that 
only a small proportion of employees can ever perform the jobs 
satisfactorily; but on most jobs the visual characteristics that 
correlate with successful job performance are those of normal, 
healthy, and active eyes.» (This, however, is not true for jobs 
like looping hosiery.) Individual shortcomings and anomalies 
of vision, rather than some of the universal limitations of human 
vision, account for much of the lack of visual aptitude among 
employees. Many of these anomalies can be compensated or 
corrected by means of adequate professional eye care, and 
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employees who have received such care are more likely to have 
satisfactory vision for ordinary jobs. The most convenient 
criterion, though by no means a perfect one, for classifying 
employees according to whether they have received ocular 
services 1s whether they use eyeglasses. Figure 51 shows, for 
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Fic. 51—A comparison of the use of spectacles for general wear by 
employees who had been rated by their supervisors as high and low in 
job performance. Curve based on 7171 employees. 


over 6000 employees in a steel mill, the differences in percentage 
among employees using spectacles for general wear who had 
been rated high and low in job performance by their supervisors. 
Figure 52 shows similar differences in percentage of employees 
in high- and low-rated groups who wore spectacles or had 
“reading glasses” in their pockets for near vision. The per- 
centages are plotted separately for various ages. Glasses, either 
for general use or for close vision only, are more common among 
employees rated high than among those rated low. Glasses of 
both types are used by more employees in the older age groups, 
particularly over the age of fifty. 

Figure 53 shows differences in acuity between employees who 
do and do not use spectacles for distance or general vision. 
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Below the age of fifty those wearing spectacles have lower aver- 
age acuity than those who do not use spectacles. Probably those 
in this age range who are using glasses are the ones who most 
need them to bring acuity up to average, and those who do with- 
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Fig. 52—A comparison of the use of spectacles for near vision 
by employees who had been rated by their supervisors as high and 
low in job performance. Curve based on 7171 employees. 


out glasses most frequently have average or superior acuity. 
After the age of fifty, however, those who are already accus- 
tomed to spectacles maintain their vision by occasional change 
of glasses, but those who have done without spectacles suffer 
considerable loss before they obtain help. 

A test of near vision on employees over thirty-five years of 
age shows striking differences in average performance for groups 
of employees who do and do not use spectacles. Among those 
wearing glasses for general use (including bifocals), 77 per cent 
passed the near-vision test. Among those who did not use 
glasses on the job, 60 per cent passed; and among those who 
carried “reading glasses,” only 25 per cent passed with the aid 
of their glasses. Many of these reading glasses were ready-made 
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spectacles bought “over a counter” without adequate profes- 
sional services and others were obsolete. About a third of the 
employees in this group volunteered the information that they 
had “good glasses” at home but did not bring them to work for 
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Fic. 53—Differences in acuity between employees who do and do not use spectacles. 


fear of breaking them. It is highly significant that these ‘“read- 
ing glasses,” bought for the specific purpose of obtaining clear 
vision at near distances and worn “in the pocket” for such oc- 
casions, were actually inadequate for this purpose in 75 per cent 
of the cases. This is evidence that professional eye care, not 
simply the purchase of spectacles, is important for better per- 
formance of industrial employees. 


Changes in Vision With Age and Job Experience 


Visual standards applied in the initial placement of employees 
do not guarantee continued high levels of visual performance. 
At least one change in vision with age is common knowledge— 
the change that makes it necessary for older persons to use extra 
lens power to see clearly at close distances. Recent research has 
increased our knowledge of the significance of this change in ma- 
turity and has revealed several other changes that occur with 
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increasing age and that often affect an employee’s job perform- 
ance. Indirect evidence of these changes appeared in Figures 
51 and 52, which showed the increase with age in percentage of 
employees who used spectacles not only for near seeing but also 
for distance or general use. 


Distance acuity and age 


The distribution of distance visual acuity scores shown in 
Figure 10 on page 13 was constructed from data obtained in a 
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Fig. 54—Changes in distance acuity with age. Curves based on 7332 employees. 


survey of a plant that had been using a minimum standard of 
acuity for employment. After a few years on the job, this retest 
of employees showed very nearly the same distribution of acuity 
scores aS would be found in an unselected group of applicants. 
Probably at least one cause of this is the decrease of distance 
acuity that occurs with increasing age. 

Changes in distance acuity with age among more than 7000 
employees in a steel mill are shown in Figure 54. This graph 
shows the change in average acuity with age in each of three 
measures of acuity: (1) both eyes, with glasses if customarily 
worn; (2) both eyes, unaided vision; and (3) worse eye, with 
glasses if customarily worn. The average loss of acuity with age 
in each of these measures is consistent and significant, especially 
after the age of forty. Figure 55 shows for one of these measures 
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(“1” above) the changes in the spread or variability of acuity 
scores with age. The upper and lower lines in Figure 55 embrace 
25 per cent of the acuity scores above and 25 per cent below the 
median for each age group. The distance between the upper. 
and lower lines includes the middle 50 per cent of all scores. 
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Fic. 55—Changes in range of acuity with age. Curves based on 7332 
employees. 


The spread of acuity scores changes very little with age. This 
means that loss of acuity with age is practically universal. 


Near acuity and age 


Changes in near acuity, at an optical distance of sixteen 
inches, are a more complex function of age, as shown in Figure 
56. The curve in this graph represents the percentage of em- 
ployees in this same group at different age levels above the age 
of thirty-five who passed a simple visual discrimination test at 
this distance with the aid of any glasses they wore or carried 
with them. Figure 56 shows that this loss is already affecting a 
significant proportion of employees at the age of thirty-five and 
that for the group as a whole this loss is not arrested (by means 
of spectacles) until the age of fifty, is not well compensated 
until the age of sixty, and not fully compensated at any age. 
The group of employees between the ages of forty and fifty-five, 
where the loss is greatest, includes the majority of specialists 
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and tradesmen, supervisors, and other key men in industry 
whose functions involve reading blueprints, instructions, and re- 
ports, and directing others. The seriousness of this situation 
among building tradesmen and an estimate of its annual cost 
have been reported for one community by Carroll.’® 
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Fic. 56—Changes in per cent of employees passing a near acuity test with increas- 
ing age. Curve based on 3351 employees. 


A comparison of the curves in Figures 54 and 56 raises the 
question as to whether acuity scores for different distances show 
any correlation. From the data gathered in a survey, the cor- 
relation between acuity at 20 feet and at 16 inches was com- 
puted for 2653 employees above the age of forty and was found 
to be zero. The corresponding correlation for 859 employees 
between the ages of thirty-five and thirty-nine was also found 
to be zero. The general conclusion in the light of these correla- 
tions is that one cannot select the best-adapted employees for a 
sixteen-inch work distance by using an acuity test given at 20 


16 Francis E. Carroll, “Defective Eyesight in the Building Industry,’ The 
Bausch and Lomb Magazine, XVI, No. 3 (1940), pp. 19-23. 
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feet. Acuity must be measured at a distance comparable to the 
expected working distance. 

Color discrimination and age 


Color vision also diminishes with age, as shown in Figure 57. 
This graph shows the percentage of employees at different ages 
who passed a simple test of red-green discrimination. This per- 
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fig. 57—Changes in per cent of employees passing a red-green discrimination test 
with increasing age. Curve based on 7141 employees. 


centage varies in the ratio of approximately two to one from 
the age of twenty to the age of sixty. Since poor color vision is 
ordinarily believed not to be amenable to correction or com- 
pensation, it is important that employees selected for training 
and service on jobs requiring color discrimination should have a 
very high initial amount of color discrimination ability. It was 
shown on page 135 that color vision is a matter of degree and can 
be classified on a continuous scale from best to poorest. 


Depth perception and age 

Figure 58 shows changes in the percentage of employees at 
different ages who passed the most difficult level of a very sim- 
ple test of depth perception. The early rise in this curve reflects 
an increase in average ability to discriminate distances up to the 
age of thirty to thirty-five. A possible explanation of this in- 
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crease *” is that the experience of workers in certain activities re- 
quiring a perception of depth, or the third dimension, may 
improve this function. This explanation implies that increased 
ability to perceive depth may be accelerated by specific training. 
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Fic. 58—Changes in per cent of employees passing a test of stereopsis (depth per- 
ception) with increasing age. Curve based on 8412 employees. 


Changes in vision with job experience 


Experience on a particular job often tends to develop in em-. 
ployees some of the visual characteristics that are desirable on 
the job and some that may not be desirable. These changes 
may be in the same direction as the changes with age or in the 
opposite direction. Loopers in hosiery mills tend to develop 
exceptional amplitude in focus range for very near objects and to 
maintain this facility in spite of the general tendency to lose it 
with increasing age. Exceptional visual performance that char- 
acterizes experienced employees on a particular job is in part the 
result of practice and incidental training on the job and in part 
the result of a selection process, entirely apart from any formal 
selection with respect to vision. Those employees who have or 
can easily develop the desirable qualifications for the job tend 
to remain on the job and accumulate experience. Those who do 
not have or cannot easily develop these qualifications tend to 


17 This explanation was proposed independently by Dr. A. C. Snell of Rochester, 
New York, and Dr. Hedwig 8. Kuhn of Hammond, Indiana. 
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drop out or to be transferred to other jobs before they acquire 
much experience. Consequently, the relationship between vis- 
ual characteristics and experience is augmented by this selection 
process that operates in the same general direction as experi- 
ence. The results of such selective and adaptive processes have 
been investigated for jobs requiring close vision.*® 


Experience in looping hosiery 


The first year of looping hosiery is a period during which 
marked changes in visual characteristics occur. Figure 59 shows 
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Fig. 59—Changes in distance acuity with increasing experience on the job of 
looping hosiery. Curve based on 206 hosiery loopers. 


the relation between experience and distance acuity for 206 
loopers. Distance acuity tends to decrease with experience, and 
this relation holds whether employees wear corrective spectacles 
or not. Figure 60 shows the relation between experience and 
focus posture tendency *® at sixteen inches for these loopers. 
Focus tendencies are closer with increasing experience; but with 
experience greater than that found in this particular group, the 
age influence may reverse this trend. Experiments in producing 
these visual characteristics through special occupational eye- 


18 W. S. Duke-Elder, “An Investigation Into the Effect Upon the Eyes of Oc- 
cupations Involving Close Work,” British Journal of Ophthalmology, XIV (1930), 
pp. 610-620. Also see M. Luckiesh and F. K. Moss, “Functional Adaptation to 
Near-Vision,” Journal of Experimental Psychology, XXVI (1940), pp. 852-356, 

19 See footnote 12, page 140. 
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elasses, so that the eyes themselves do not have to make an ad- 
justment to the close requirements of this job, will be discussed 
later. 


Determining Job Requirements of Vision 


Even when adequate tests are available and are systematically 
used both with new and old employees, the effective placement. 
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Fie, 60—Changes in near focus posture with increasing experience on the job of 
looping hosiery. Curve based on 166 hosiery loopers. 


of new employees or proper rehabilitation of old employees can- 
not be accomplished without a thorough knowledge of the visual 
requirements of different jobs within the plant. Specific visual 
characteristics desirable for any job cannot always be inferred 
from traditional job analysis, nor can they always be adequately 
determined on the basis of opinion, even if the opinion is given 
by someone thoroughly familiar with the job. Few employment 
managers, supervisors, industrial engineers, or psychologists, for 
example, suspected that proficiency in very close work, such as 
is involved in looping hosiery, would be inversely related to 
scores on a distance acuity test. 


Job differences in vision 


Visual conditions that characterize employees on several jobs 
in a sheet and tin mill indicate the effects of experience and in- 
formal selection. Formal selection standards for initial employ- 


VISUAL PROBLEMS OF INDUSTRY 155 


ment on these jobs included only acuity and, for some jobs, color 
vision. But, as shown in discussing age trends, even these differ- 
ences in vision due to differential selection for initial employ- 
ment on different jobs are rapidly eliminated by age trends and 
also by transfer from one job to another. Certain job factors, 
however, result in training and further selection on the job. 
Table XVI gives the percentages of employees on different. pay- 
roll jobs who passed several visual screening tests. This table also 
shows, for comparison, the percentage of all employees in the 
plant who passed these tests. Small differences between groups 
are of no significance, but large differences indicate real varia- 
tions from the plant average and indicate real job differences. 
Those figures in Table XVI that differ by a statistically signifi- 
cant amount from the plant average are marked. Every job 
row and every vision column shows one or more significant, dif- 
ferences. 


TABLE XVI 
PERCENTAGE OF EMPLOYEES ON DIFFERENT JoBS WHO PAssED VARIOUS TESTS OF 
: VISION 
Acuity,| Acuity, eth 
pie ee Approxi- | Far, Far, Patos _| Color | Phoria,| Phoria, | Acuity 
Poy mate N Both | Worse ti P-| Vision Far Near Near 
ion 
Eyes Eye 
1. Foremen..... 320 95.9 77.8 85 2141 (66257 sito 63.7 81.4* 
QO er ks. s66s 590 94.1 home 79.5 79.2" 563 31 69.4* | 88.9* 
3. Electricians. 430 94.5 68.47 | 86.4* | 59.6 5729 59.6 61.7 
4. Machinists. . 380 93.7 Cpa 83) 92.4* | 60.0 60.9 66.2 65.6* 
5. Cranemen... 250 O76 S221" 1 81.9 5120 61.3 66.2 52.2 
6.) Hookers. ... 250 94.7 75.0 81.0 59.1 71.1* | 67.9 59.8 
7. Laborers.... 710 9273 W252 (42 OT 126207 62.9 66.0 52.47 
Plant Total....| 7000 94.0 Fobes | 49-2 Dove 61.1 63.6 61.0 


* Significantly high. f+ Significantly low. 

Note: These figures are corrected for differences in age on the different job groups. 

The specific visual requirements of different jobs can only be 
determined by careful studies of the relationship existing be- 
tween vision test results and the employee’s actual efficiency on 
the job. Examples of the determination of visual requirements 
of different jobs have been discussed in the preceding pages. 
The data presented are limited to a few typical jobs from a se- 
lected group of industries. It would be quite unwise to use the 
data presented in Table XVI for the determination of visual job 
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requirements in other industries or under different conditions. 
But the principle that has been followed in the industries studied 
has given specific evidence that job differences in visual require- 
ments do exist and that it is clearly advantageous both to man- 
agement and employees to place individuals upon jobs in the 
light of these job requirements. By applying the same method 
to other jobs in other industries it is a relatively simple task for 
an employment manager to determine for his particular plant 
some of the critical visual skills that are required on various jobs. 

If employees on different jobs are drawn from different popu- 
lations, differences from job to job may be due to differences in 
the source of the employees. Table XVII shows separately for 
white men, Negro men, and white women in a large plant the 
percentages passing a test of distance acuity and a test of red- 
green color discrimination. The women were best on color vi- 
sion, the Negro men best on acuity. Since Negroes and women 
in this plant were only on certain types of jobs, these differences 
between races and sexes might be mistaken for characteristic job 
differences. Also differences in age have not been ruled out in 
this comparison. 


TABLE XVII 


PERCENTAGE OF Necro MEN, Wuite Men, AND Waite WomEn EMPLOYEES 
Passine Two Vision TrEsts 


PERCENTAGE PASSING TESTS 
EMPLOYEES 
Color Vision} Distance Acuity 
WWauILG SRVOrO Rs oF. 2.90). se va ne ya ae enti te 74.5 76.0 
Wise Vert. an 02, ugk aden ae een ein ae 60. 4 76.1 
Néaror NECRe i 9 here os ear ee ees 40.7 80.7 


In this same plant, watchmen and police in the plant protec- 
tion department showed surprisingly poor scores on many of the 
vision tests, especially distance acuity. One reason was their 
average age, which was considerably more than the plant aver- 
age. Another possible reason was that in the past veteran em- 
ployees who could no longer be kept on productive jobs were 
transferred to the plant protection department. These extrane- 
ous selective factors will often obscure job differences in vision 
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or create spurious differences unless they are carefully controlled 
in statistical studies of job differences. 


Establishing visual criteria 


Some characteristics desirable for operators on certain jobs 
may be inferred from job analysis or from experienced observa- 
tion of many operators. Visual characteristics, however, are not 
ordinarily apparent by observation; they must be measured with 
adequate instrumentation. Opinion regarding visual require- 
ments and standards for different jobs may be correct, partly 
correct, or entirely incorrect. The only sound basis for evaluat- 
ing visual factors is adequate testing. As specific visual char- 
acteristics that are demonstrably related to job performance are 
catalogued for a wide variety of jobs, it becomes more and more 
feasible to predict the desirable characteristics for some job not 
yet analyzed. But the problem still remains of testing this pre- 
diction and demonstrating the relationship of at least some char- 
acteristics to performance on the new job. On many jobs certain 
desirable visual characteristics have not been correctly inferred 
from observation by visual experts, and often suspected similar- 
ities in visual requirements for different jobs have not been 
verified by evidence of test results and correlation studies. 

The various tests used in determining desirable characteristics 
may be more elaborate than the battery of tests finally evolved 
for classification and placement of employees; but ultimately 
the relation between these characteristics and job performance 
must be validated and stated in terms of the same tests that are 
to be used for classification. 

Any exceptional visual characteristics of all experienced em- 
ployees on a certain job, in comparison with inexperienced em- 
ployees on that job or with experienced employees of equal age 
on other jobs, may be due to job requirements and a natural se- 
lection process among employees on that job, as explained on 
page 152. Such characteristics might, therefore, give at least a 
clue as to what is desirable for employees on the job. At best, 
however, they give an incomplete and unreliable picture. The 
two satisfactory bases for validating any tests for employee 
placement are discussed in detail on pages 25-30. Criteria for 
visual classification and placement of employees, determined by 
these methods on the job itself, are not only valid in terms of 
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actual job conditions but also are appropriate to the type and 
quality of employees who are available in the industrial com- 
munity. These standards may vary not only from job to job but 
from community to community. 

The initial battery of vision tests should include all the items 
that are most likely to be of significance, on the basis of previous 
investigation rather than of opinion. In a battery like the one 
already described (page 133), the tests included have been se- 
lected by statistical research in industry for most probable sig- 
nificance in the largest number of jobs. 


Job simplification 


An important part of an industrial program of vision is the 
recognition and simplification of visual operations in the plant 
and the improvement of visual working conditions. Visual fac- 
tors in Job operations can often be eliminated. Where they can- 
not be eliminated altogether, sometimes simpler visual functions 
can be substituted for more complex ones. Jigs and fixtures for 
positioning tools and materials help to reduce visual operations 
to a minimum. Another factor in the simplicity of visual op- 
erations is the area over which they are performed. Ordinarily 
eye movements should be substituted for head movement and 
small eye movements for large ones. Some visual cues can be 
simplified so that they can be observed with peripheral or “side 
vision” without turning the eyes.. Figure 61 shows the spread 
of visual operations on two repetitive jobs. In general, the 
visual operations on any job should be organized into a restricted 
area at a convenient and fairly uniform distance from the eyes. 
The visual working distances can best be measured from the 
plane in front of the eyes where spectacles are usually worn 
(the lower forehead or base of the nose approximates this posi- 
tion) to the various points of visual attention on the job. The 
angular deviation of these “lines of vision” from horizontal is 
also important in connection with the use of spectacles, espe- 
cially bifocals or special occupational glasses. Such information 
may be useful in determining job requirements of vision and 
should be incorporated in job analyses and descriptions for use 
of the personnel department in finding employees to fill these 
jobs. 
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Fic. 61—Visual work areas and working distances on two assembly jobs. 
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Optical aids and occupational eyewear 


While job simplification and adequate lighting may reduce 
the visual requirements on some jobs, other visual requirements 
can be modified by the use of optical devices that permit a larger 
proportion of available employees to perform a job satisfactorily. 
Special types of microscopes, magnifiers, and micro-photographic 
apparatus permit visual inspection and scaling of very small 
surfaces and pieces and analysis of material structure. Small 
machined parts can be magnified in profile for direct. comparison 
with original large-scale drawings by means of the contour pro- | 
jector, shown in Figure 62. Polariscopes reveal stresses _and 
strains in transparent models of castings. These are only a few 
of the many types of optical instruments, developed for special- 
ized work in industry, that, like gauges, meters, and dials, bring 
important manufacturing operations within the range of visual 
observation of average employees. 

Without colored glass (optical filters) some operations, such 
as welding and melting, would be practically impossible. The 
use of clear, hardened protective glass enables employees on 
other jobs, such as chipping, sanding, planing, drilling, and 
grinding, to face their work without flinching or averting their 
eyes, thus making full use of their visual capacity. The im- 
portance of spectacles for the ‘compensation of individual anom- 
alies of vision is shown on page 145. Because of the differences 
in visual performance for different. distances, mentioned on page 
150, such spectacles would seem to be most appropriate for in- 
dustrial purposes when they are designed to meet not only the 
individual, personal needs but also the specific visual require- 
ments of a particular job at some particular work distance or 
range of distances. 

Experiments in the use of special types of occupational lens 
correction for jobs requiring very close vision have been carried 
out in England.*? These prescriptions include a component, 
over and above what would be indicated for ordinary lens correc- 
tions for these persons, that has the same optical effect as though 
the work were removed farther from the eyes but without loss of 


20 H. C. Weston and 8. Adams, On the Relief of Eyestrain Among Persons Per- 
forming Very Fine Work (London, H. M. Stationery Office, 1928), and Further 
Experiments on the Use of Special Spectacles in Very Fine Processes (London 
Hl. M, Stationery Office, 1929). 
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visibility. In psychological terms these lenses modify the 
visual requirements of the job so that they come within the 
range of adaptability of a larger number of potential operators. 
These spectacles are worn only on the job; they are part of the 


Fig. 62—The Contour Measuring Projector. The view before the operator is an 
enlargement of the teeth on a machine tool. : 


job equipment or tools. At other times each operator wears 
whatever spectacles may be desirable for general use, or, 1f none 
are needed, no spectacles at all. 
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These early experiments have recently been duplicated under 
the medical supervision of Dr. H. S. Kuhn on one job in hosiery 
manufacture—the operation of looping. This job requires an 
average visual working distance of eight inches. Figure 63 
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Fic. 63—Increase in production of fine-gauge hosiery loopers with the use of 
special occupational spectacles. 


shows the production of experienced loopers on fine-gauge ho- 
slery who wore such spectacles, in proportion to the production 
of a comparable group of employees who did not wear such spec- 
tacles. Figure 64 shows the production of learning loopers on 
coarse-gauge hosiery who wore such spectacles, in proportion to 
the production of a comparable group who did not wear such 
spectacles. In each instance the production of the non-spectacle 
group, which fluctuated from week to week, is plotted for each 
two-week period as 100, with the production of the experimental 
group plotted in proportion. Loopers who wore these spectacles 
showed an average increase in production of about 5 per cent in 
a relatively short time, in comparison with the control group, 
and learning loopers more rapidly reached their peak of produc- 
tion when the occupational spectacles were worn. Since this 
one operation accounts for about 20 per cent of the labor cost 
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in the manufacture of circular-knit hosiery, more economical 
operation through the use of such spectacles would seem to 


be possible. 
The spectacle prescriptions for these experiments varied from 
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Fic. 64—Increase in production of learning hosiery loopers wearing special occu- 
pational spectacles. 


one operator to another because of individual differences in 
visual characteristics, although the job requirements were uni- 
form.”*. Not all of the operators would or could wear such spec- 
tacles successfully, but the advantages might become available 
to a larger proportion of such operators with improved bases 
for predicting individual lens prescriptions for occupational use. 
Thirty operators who wore these spectacles successfully showed 
on a visual retest six months later a pronounced and uniform 
shift of visual characteristics away from the peculiar conditions 
that characterize most operators on this job and toward what is 
generally considered normal; and their subjective reports indi- 
cated in most cases less fatigue during work and greater pleasure 
from activities involving the use of their eyes after work. 
Such specialized occupational eyewear cannot be introduced 


21 The optical addition was varied by Dr. Kuhn for different employees ac. 
The average optical addition was an 


cording to the results of an examination. 
amount that changed the focus requirement from 8 inches to 11.5 inches and the 


convergence requirement from 8 inches to 9.5 inches. 
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in any industrial situation except by a competent and ingenious 
ophthalmologist or optometrist who is not only qualified as an 
eye expert but also is familiar with the visual problems of spe- 
cific jobs and with typical management attitudes and methods 
of approach to such problems. Ideally such a project should be 
carried on in collaboration with an industrial psychologist who 
can set up adequate criteria as a goal. The first step is to dem- 
onstrate a relationship between certain visual characteristics and 
service or success on the job. For example, preliminary studies 
on other jobs in the manufacture of full-fashioned hosiery indi- 
cate that occupational glasses like those for loopers might. be 
generally beneficial for menders but not so beneficial for seamers, 
for whom, possibly, some other type of special occupational eye- 
wear would be of benefit. The second step in carrying on such 
a project is to determine how certain visual characteristics may 
be induced safely and beneficially by lenses. The final step is to 
evaluate the success of the project. 


Visual classification and placement of new employees 


A program for taking advantage of individual differences of 
vision in placement of employees on different jobs must make 
provision for the visual testing of applicants for employment 
before they are hired. Such testing does not imply that inflex- 
ible standards for employment will be adhered to in the employ- 
ment office. Indeed, the discussion in the preceding sections has 
shown that desirable characteristics of vision may and fre- 
quently do vary from one job to another. It is a part of the 
responsibility of those in charge of administering employment 
policies to determine the best visual qualifications for groups of 
employees on different jobs and to utilize this information in the 
selection of new employees. Visual standards for employee 
placement by this method are not matters to be fixed by policy. 
The policy governing placement is to get the best employees 
available for certain jobs. The selection ratio, with a system for 
testing and classifying applicants, is a flexible instrument for en- 
forcing that policy. The same principle holds both in placement 
of new employees and in transfer, promotion, and replacement 
of veteran employees. This principle of employee placement 
for certain jobs where vision is important often can be en- 
forced regardless of the proportion of applicants who are hired. 
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If all applicants are being hired, the visual classification stand- 
ards are applied to all of them in order to allocate the best of 
those hired to visual jobs and other critical posts. Many jobs 
exist in a large industry for which visual skills of high degree are 
not necessary; and such testing procedures, if properly admin- 
istered in the light of job requirements, usually result in satis- 
factory placement of a larger rather than a smaller proportion 
of applicants. 

Visual qualifications of applicants as well as employees fre- 
quently can be improved; therefore it is not necessary always to 
be satisfied with the visual characteristics of available appli- 
cants. Marked individual differences may exist even among 
applicants who are suited to certain jobs, and those who can 
improve their visual qualifications should be urged to do so. 

Adequate testing of new employees, so that they may be 
placed on jobs in accordance with the plan just outlined, presup- 
poses a battery of visual placement tests that covers a number of 
aspects of visual performance. It is shown in the preceding 
section, upon the basis of experimental evidence, that a person 
may be definitely deficient in one aspect of vision—as, for exam- 
ple, distance acuity—and be quite satisfactory in certain other 
aspects of vision that may be of prime importance for certain 
jobs in the plant. Regardless of what single test is used or how 
well that test measures any single aspect of vision, it is unlikely 
that employees who score low on this test will be unsuited for all 
jobs. A battery of tests, interpreted in the light of the plant 
requirements, has been found a considerably more effective 
device for the selection and placement of employees than any 
single test. 

If the individual tests are constructed with adequate scales, 
the direct scores for each applicant can be weighted according to 
their significance on a particular job and combined into a com- 
posite score representing his probable success on the job./ Scores 
in certain parts of the possible range on some of the tests may be 
more directly related to job performance than scores in other 
parts of the range. In fact, there may be zones within the total 
range where individual differences are relatively unimportant. 
Such a situation was ilustrated in Figure 60, which showed for 
hosiery loopers the relation between a focus posture test and 
production. In the middle range of scores on this test, differ- 
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ences in production are more pronounced than they are at either 
end of the range. In establishing guide posts for employee 
placement on the basis of such tests, it is often convenient to 
designate zones on the test scale that are related to excellent, 
good, fair, poor, or unacceptable job performance. After some 
experience with tests in a particular industrial population, a 
personnel officer can classify applicants according to any prede- 
termined selection ratio. With flexible methods of classifying 
visual test scores, the selection ratio can be shifted to meet 
changing conditions. 

A means of facilitating employee classification by this method 
is the “visual profile’ score illustrated on the lower part of the 
visual record form shown in Figure 65. This particular record 
form, called a Selectograph, has been designed to accompany the 
tests described on page 133.\ All possible scores on all of the tests 
are presented in a convenient table, and a continuous line drawn 
through an applicant’s score on each test makes the profile. 
This profile can then quickly be compared with master profiles 
that show, for each job separately, the zones in which desirable, 
undesirable, and indifferent vision scores fall. 

Another type of classification problem arises when it is neces- 
sary to select quickly, from the visual test records of a number — 
of employees or applicants, those that represent the most desir- 
able visual characteristics for a particular job. Some type of 
mechanical sorting facilitates such a search. Record forms like 
that in Figure 65 can be sorted and classified quickly by means 
of the system of holes and slots around the edge.” The visual 
test scores are slot-punched on the card and a needle separates 
those that are slotted from those that are not slotted at any 
point on the periphery of the card. 


Visual Maintenance of Personnel 


Wherever visual characteristics are important for placement 
of employees on particular jobs, maintenance of those character- 
istics is a factor in continued good performance on the job. 
Among employees of equal experience and initial qualities, those 
who maintain their original vision or improve it will do better 
on the average than those who lose their visual qualifications. 


22 This is an adaptation of the McBee Keysort system, the McBee Company, 
Athens, Ohio. 
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Fic. 65—The chart for recording the visual test scores yielded by the Ortho-Rater. 


Fic. 66—Some common types of eye-safety devices (on this and facing page). 
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Proper placement of employees is only one part of a program for 
taking advantage of visual differences among employees. The 
other part is proper maintenance of these skills. 

Good practices in simplification of jobs, adequate lighting, and 
use of various types of occupational aids will help in the main- 
tenance of adequate visual performance among employees. 
Proper job lighting should give attention not only to general 
illumination but also to specific job requirements for illumina- 
tion. Standard general practices for lighting have been codified 
by illuminating engineers.”* : 

Adequate physical protection of the eyes of workmen also 
helps in maintaining standards of visual performance on the job. 
‘Visual hazards in industry that threaten visual competence of 
employees include the possibilities of sudden injury (trauma) 
or of cumulative ill effects like industrial diseases, such as ultra- 
violet “burns” among welders. Some visual hazards in industry, 
against which protection is possible, are: 

1. Ultra-violet radiations (are and acetylene welders, welders’ 
helpers). 

2. Infra-red radiations (melters, furnacemen, and others work- 
ing around furnaces and molten metal). 

3. Air-borne dust and noxious fumes (sand blasters, colliers, 
millers, trainmen, truckers, aviators, workers in some chemical 
operations). 

4. Splash and spatter (welders, grinders, handlers of acid and 
other caustic chemicals, solderers, foundrymen). 

5. Severe impact and explosion (riveters, chippers, chemists, 
drillers, powder men). 

Hach of these hazards requires a different type of eye protec- 
tion, including masks, optical filters, and lenses highly resistant 
to breakage and shattering. Minimum standards for such pro- 
tective devices have been formulated by government agencies.”* 
Manufacturers have made progress toward adapting the design 
of such devices to specific job requirements of vision and visibil- 
ity, to individual differences in facial size and contour, and to 


23 Committee on Lighting Practice, Illuminating Engineering Society, Recom- 
mended Practice of Industrial Lighting, The Society, New York City. 

24U. S. Department of Commerce, National Bureau of Standards, American 
Standard Safety Code for the Protection of Heads, Eyes, and Respiratory Organs, 
National Bureau of Standards Handbook H24 (U. S. Government Printing Of- 
fice, 1938), 
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various combinations of hazards. Figure 66 shows some of the 
more common types of eye-protective devices. The economic 
value of such devices has been demonstrated repeatedly.” 
Although such measures for the maintenance of visual profi- | 
ciency are taken, it is still certain that changes in vision will 
take place in a majority of employees with increasing age and 
job experience. Some of these changes, such as the loss of near 
vision with age, have long been accepted as inevitable. Yet 
even this change, universal and serious as it is for individuals 
who must do any reading or close scrutiny on their jobs, is often 
not recognized and corrected until the efficiency of the employee 
has been definitely reduced. Perhaps one reason for this is that 
the loss of near vision with age does not occur suddenly like a 
broken arm or a sprained ankle, but develops so gradually that 
an employee is often unaware of his increasing handicap until 
long after his work has been seriously affected. Indeed, para- 
doxical as it may sound, no one can tell from the way things look 
to him whether his vision is normal or below normal. Just as 
many persons go through life without knowing that they are 
color-blind—unless they have been tested and told the result— 
so also many persons with seriously deficient visual performance 
in other respects are unaware of their real condition unless it is 
demonstrated to them in terms of objective test results. These 
facts make it necessary to check periodically the vision of pres- 
ent employees. , 


Periodic retests of vision 


Employees in certain critical positions in industry can usually 
be required to maintain good vision. Operators of mobile equip- 
ment have responsibilities for the safety of other employees. 
Supervisors have responsibilities for correctly interpreting in- 
structions to workmen and maintaining both quality and 
quantity of production. Maintenance and repair men have 
responsibilities for keeping other men from becoming idle on 
account of breakdown. Inspectors have far-reaching responsi- 
bilities for quality of product. These and other employees 


25H. P. Davidson, “Two Years of Industrial Ophthalmology at the Pullman 
Car Works,” Journal of Industrial Hygiene, VIII (1925), pp. 247-253. 
L. Resnick, Fifteen Years Progress in Eyesight Conservation, Publication No. 
297 (National Society for the Prevention of Blindness, 1939). 
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whose functions directly affect other groups of workmen or the 
general welfare of the plant can and should be made to feel their 
responsibilities with respect to maintaining their own physical 
functions at a high level of efficiency. Employees in some in- 
dustries, such as the common carriers and other public utilities, 
whose operations are subject to public observation, frequently 
show great pride in the physical qualifications that they main- 
tain and demonstrate in repeated examinations.”® Visual require- 
ments for license to drive a car in many states have given a 
great impetus to such attitudes. | 

Periodic retests are usually administered in the same place 
and follow the same routine as the pre-employment examina- 
tion. At designated periods, and upon due notification, an em- 
ployee presents himself for re-examination. At that time he is 
usually interested and ready to discuss his personal health and 
efficiency and to take any steps that are advisable to maintain 
them. This feature of a visual program can well be inaugurated 
with supervisors (to set the precedent), extended to cranemen, 
truckers, and others in the field of transport within or outside a 
plant, to inspectors, to gang leaders, to men on hazardous jobs, 
and to any other group that has an easily recognizable visual 
responsibility. The interval between tests need not be uni- 
form for all groups. Indeed, it should be determined separately 
for each group in proportion to the importance of vision in 
that group. 

These retests cannot be done all at once, but they can be dis- 
tributed over a long period and thus made a small part of rou- 
tine, rather than special, activities. This usually involves a 
separate file for each group of employees arranged in calendar 
order of their next examinations. Sometimes, however, greater 
economy in such testing operations can be achieved by consoli- 
dating them into a limited period at a specific time. 


The visual survey 


More general vision testing among employees in a plant or a 
department may be advisable from time to time in an attempt 
to combat the losses that occur with age and to raise average 
levels of visual proficiency in the plant. Such gains are effected 


26 Hart HE. Fisher, “What Periodical Examinations Can Accomplish,” Na- 
tional Safety News, XXXII (Dec., 1935), pp. 33-34. 


VISUAL PROBLEMS OF INDUSTRY 173 


in proportion to the number of employees whose vision can be 
improved somewhat rather than to the amount of improvement 
that can be achieved in the vision of a few employees. It is 
important and economical to retain employees with experience 
on the job, to “salvage” as many as possible of the employees 
whose visual proficiency has deteriorated, and to find other jobs 
for those who have become visually incapacitated for their 
present jobs. 

A visual survey is a major undertaking. Testing in such a 
survey usually has to be done during working hours, taking each 
man from his job for the briefest possible time. In a large plant 
the testing has to be scheduled on different shifts and in differ- 
ent parts of the plant in order to reduce traveling distance for 
employees and time away from the job. In a survey of nearly 
10,000 employees in a steel mill, the testing schedule for a crew 
of testers required 24 different testing stations, some of them 
for three shifts. In order that the major operations of the plant 
can be carried on at high efficiency, the visual survey (like 
stand-by services in the plant) must be operated at relatively 
low efficiency. 

A complete survey that is rushed through a plant may easily 
result in a definite disinclination on the part of management and 
workers ever to repeat it. Surveys by outside professional sur- 
vey organizations, which may do the work for a fee or for the 
privilege of selling glasses to the employees, also are likely to 
result in general dissatisfaction among employees. A survey is 
best operated as a normal repetitive process by the industrial 
staff. It can be completed “once over” a little at a time and 
then started again. 

The immediate objective of a visual survey is to identify em- 
ployees whose visual performance is low and to stimulate them 
to obtain professional attention. Since such professional treat- 
ment requires both time and money, it becomes necessary to 
select those employees who are most in need or who would be 
most likely to be benefited by such services. Some of these 
employees can be selected on the basis of their own complaints 
or their progressive loss of proficiency on a job requiring visual 
ability; but too often a serious visual deficiency will long be 
- undetected by these means. 

In cases of promotion or transfer, or of visual selection and 
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allocation tests that are given at the time of initial employment, 
it is often necessary to classify or segregate applicants at rela- 
tively high levels of visual proficiency. But in the use of visual 
“screening” tests for the purpose of detecting extreme cases of 
substandard visual performance, selection is always in the low 
levels of performance. The primary purpose of such tests is to 
“sereen out” those who are to be classified as most in need of 
visual attention or least acceptable with their present vision for 
tenure on their present jobs. However, there is no reason why 
employees with acceptable visual proficiency should not also try 
to, or be urged to, improve that proficiency. The concern of 
management is primarily with the poorest of those who are to 
be retained on the Job. Because of limitations of necessary pro- 
fessional services available to workers in a plant or in a com- 
munity, and because of the sheer size of a survey program, it is 
necessary to promote visual maintenance first among those with 
the lowest levels of proficiency, and gradually to extend the 
campaign to higher but still substandard levels. For this reason, 
even “screening” tests must be constructed on continuous scales 
rather than as simple pass-or-fail tests, so that levels for segre- 
gation of substandard visual performance can be set conven- 
iently and can be progressively modified. 

Adequate tests for employee classification can always be used 
as screening tests by defining certain minimum levels of per- 
formance as “passing.” However, these standards should be set 
in terms of the prevailing quality of visual performance rather 
than arbitrarily on the basis of opinion. This means that the 
standards will be set after at least a portion of the testing has 
been completed. Scores on all the vision tests can be recorded 
carefully and then sorted by a convenient means to pick out the 
employees with poorest vision—say the poorest 5 per cent on 
any test or the poorest 10 per cent or 15 per cent on the total 
battery. These are the employees at whom the survey is pri- 
marily aimed. 

In one survey * of nearly 10,000 steel workers, a division of 
employees into five groups resulted in the following percentage 
in each group: 


27 H. S. Kuhn, “An Appraisal of Visual Defects in Industry,” American Acad- 
emy of Ophthalmology and Otolaryngology, Cleveland, Oct., 1940. 
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Employees in the last group were summoned before the plant 
physician for general examination. The others were given a 
standardized report as to their classification with appropriate 
instructions for each group. Those in Group 4 were urged to 
get. professional eye care, and the same recommendation, with 
less urgency, was made to employees in Group 3. 

Survey testing in no way takes the place of professional eye 
examination and service; it merely reveals cases of deficient 
vision that should receive such help. Some means of putting 
employees in touch with the professional help that they need 
should be an integral part of an industrial vision program. In- 
deed, the most thorough and adequate program of visual testing 
will be of little benefit unless professional services are received 
by those employees who are in need of such attention. Problems 
of industrial relations involved in notifying employees of visual 
disabilities and in getting professional help for them will be dis- 
cussed later in this chapter. 


Maintenance of occupational eyewear 


Any glass before an employee’s eyes should not only be the 
best glass for his needs but should be maintained in the correct 
position for maximum value. In a survey of employees in a 
steel mill only one-half of one per cent of employees showed a 
serious tendency for one eye to point slightly higher than the 
other; but when this condition occurs it is often the forerunner 
to double vision during periods of fatigue. Among the em- 
ployees who were not wearing glasses .42 per cent showed this 
tendency, but among those wearing glasses .78 per cent showed 
it. This condition can be induced by glasses that are not main- 
tained level and in the correct position, Apparently this fact 
accounts for the greater percentage of this tendency among 
employees wearing glasses, 
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Employees who have obtained their glasses on prescription 
from a reputable eye man have in most instances thereby estab- 
lished contact with adequate services in adjusting and maintain- 
ing their glasses. But many employees do not have such 
contacts or do not make use of them frequently enough. A few 
industries have hired men permanently to supervise employee 
eyewear. Such a supervisor selects the right kinds of safety eye- 
wear and fits them to an employee’s face, makes adjustments 
and repairs on all types of eyewear, makes up special devices for 
special purposes, cleans and sterilizes safety eyewear, and in- 
structs employees in the use and maintenance of their eyewear. 
He does not make professional examinations or fill prescriptions. 
Such a man can pay his own way in a plant by the savings he 
effects from salvage of damaged goggles. The total economic 
saving from his work is likely to be many times the cost. 


Industrial Relations in a Vision Program 


Unless visual testing programs in industry are backed by a 
sound and consistent policy, they frequently result in a mass of 
recorded and unused data. Mere testing of employees accom- 
plishes little except perhaps to stimulate employee interest (or 
resentment) in their vision. A sound visual program must take 
into consideration existing industrial relations within the plant 
and in the community, and it must be adapted to the particular 
type of organization in a plant. 

The scope of a visual program and the policies governing it 
must be determined primarily with reference to specific purposes 
or objectives. Some of the objectives that are commonly set up 
for a visual program are: | 
. To obtain visual records for compensation cases. 

. To aid in the selection and placement of new employees. 

. To reduce accidents, especially eye injuries. 

. To improve employee job satisfaction. 

. To reduce labor turnover. 

. To increase production. 

. To improve quality of product. 

. To improve the bases for transfer, promotion, and, when 
necessary, layoffs. 

9. To impress upon employees the need for proper visual 
hygiene. | 


CONDOR WN FE 
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Iividences of the relation between vision and job performance 
indicate that these objectives are not unreasonable, and several 
reports from industries which have a vision program in operation 
indicate that these objectives have been achieved. Typical of 
such studies is a report of the Metropolitan Life Insurance Com- 
pany ** summarizing the experience of several industries that 
operate industrial eye clinics. What form a program should take 
to achieve these results depends largely on the organization of a 
company and its policies with respect to industrial relations, 
both within the plant and in the community. 


Departmental relations 


The several approaches to industrial vision have developed 
from almost as many branches of management. The industrial 
psychologist and employment manager are interested in placing 
employees according to their visual aptitude; the industrial engi- 
neer is interested in illumination; the safety engineer in em- 
ployee safety; and the plant physician in the maintenance of 
employee health. As a result of these varied interests, the prob- 
lems arising in connection with a visual program for industry 
must be considered from the viewpoint of the whole of manage- 
ment. An industrial vision program must be satisfactory to all 
branches of management, and therefore must ordinarily be con- 
celved on a much broader basis than is likely to develop from 
the interests of any single department; A-vision program nat- 
urally incorporates functions of several departments or divisions 
of industrial organization. Most frequently it is associated with 
the health bureau or employment bureau. The safety bureau is 
usually responsible for providing eye protection and enforcing 
policies governing the use of such devices. The training bureau 
should be concerned in vision programs, not only with respect 
to selection of personnel for training, but also in training per- 
sonnel in the use of various types of optical aids that can be 
brought to bear on the solution of some problems, The engi- 
neering and personnel divisions have reciprocal responsibilities 
in working out the visual requirements on various jobs and find- 
ing adequate personnel for the jobs. A program must include a 
plan and system for gathering factual data, classifying and 


28 Functions of an Industrial Eye Clinic (Metropolitan Life Insurance Com- 
pany, New York, N. Y.). 
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evaluating it, and making it available to the various depart- — - 
ments that can make use of it advantageously. 


Professional relations 


Correction or improvement of visual characteristics of em- 
ployees in service by means of spectacles or other eye treatment 
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Fic. 67—A view of the United Air Lines Eye Clinic. Part of an eye examina- 
tion being conducted in the Medical Department of United Air Lines at Chicago, 
Illinois, by Colonel A. D. Tuttle, M. D., Medical Director. In recognition of the 
importance of visual efficiency in industry and of “Eyes for the Job,” not only 
pilots, but all other employees of United Air Lines as well, are given a complete 
and searching eye examination as part of their preemployment and periodic physi- 
cal examinations. 

involves specialized professional services. Qualified and licensed 
ophthalmologists and optometrists are able to evaluate the 
causes and history of any individual condition of visual defi- 
ciency and to determine what specific steps must be taken to 
change that condition. Such services cannot be rendered except 
in well-equipped professional offices or clinics. Some large in- 


dustries provide the necessary equipment and professional staff 
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on their own premises for service to their own employees. Such 
an industrial eye clinic is shown in Figure 67. Others retain 
professional eye men as consultants. A major point of policy, 
involving professional and industrial relations, is to determine 
whether such facilities and services shall be provided at com- 
pany expense and whether management or employees shall 
assume the responsibility for seeking or soliciting such services 
in individual instances. Small industries must usually depend 
upon the facilities and services that are available among private 
practitioners in the community. 

Since the local ophthalmologists and optometrists will inevi- 
tably share the responsibility for visual efficiency of employees, 
management should make an effort to acquaint them with the 
visual requirements for employees on various jobs and the speci- 
fications for safety lenses and assemblies that will be acceptable 
on certain jobs. And the local eye men should certainly famil- 
iarize themselves with the jobs and job requirements of workers 
who are their patients. 

Occasionally physical factors or health conditions of an em- 
ployee make it impossible for the professional man to bring 
vision up to normal. Management should not be hasty in decid- 
ing that inadequate professional service has been given if an 
employee’s vision has not improved after receiving professional 
attention. In many communities the local eye men are encour- 
aged to report such conditions directly to the employer. 


Employee relations 


The personal aspects of such a program are so great that the 
employee relations involved in the work often assume major 
importance. Some employees will not want to have their “eyes 
tested.” They feel that they can “see all right” and that, in 
any event, it is no more the business of management to tell them 
whether they need professional attention for their eyes than it 
is to tell them when to trade in their old car on a new one. It is 
therefore important for the success of visual testing programs 
that these personal relations should always be handled with tact 
and discretion. Few industrial relations are more personal and 
intimate than in a testing situation of this kind. What bureau 
or department a tester works in, or what qualifications he has as 
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a tester, are not as important as whether he is satisfactory to all 
departments of management as a representative of management 
in these very personal relations with labor. 

Vision tests of applicants and new employees, for purposes of 
selection or placement, do not involve the same problems of in- 
dustrial relations as do vision tests of employees in service. The 
management is not committed to an agreement with applicants 
with respect to tenure, seniority, or compensation. In some 
industries, such as railroads and aviation, tenure on a particular 
job is contingent on continuance of an employee’s ability to pass 
certain vision tests at stated intervals. A continuance of cer- 
tain physical qualifications is implicit in such agreements in 
many industries. 

Testing of employees already on the job is necessary to estab- 
lish visual qualifications for jobs, to arrange appropriate tests 
for new employees on those jobs, to determine what losses of 
vision have occurred among employees since they were hired, 
and to provide an improved basis for transfer and promotion. 

Problems of professional and employee relations are most 
likely to become acute during a survey. It is not advisable in a 
survey to attempt to make judgment on each case at the time of 
the test. Many cases cannot be properly classified except. in 
comparison with others. Standards for identifying employees 
who need professional services can be determined with respect 
to average levels of visual performance among employees in the 
plant rather than upon the basis of arbitrary a priori opinion. 
Further, if a survey is to be operated with reasonable efficiency, 
the available time must be allocated to best advantage. An em- 
ployee wants to satisfy himself that he has had time and oppor- 
tunity to demonstrate the best he can do on the tests. He wants 
also to know something of the purpose of the tests. ‘Time spent 
in discussing results of the tests is best reserved for those who 
are to be urged to get help for their eyes. 

Another point of policy concerning both professional and in- 
dustrial relations is the matter of who is to be the authority in 
notifying employees of their visual shortcomings and of how he 
is to inform them. Any official statement to an employee comes 
best not from the person who makes the test but from the person 
under whose authority the survey is conducted. The form of 
notification to employees can be standardized, and the person 
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who signs such communications should be a responsible officer 
in the organization. 

The professional eye men should rightfully insist that such 
notification to an employee should not prejudice him with re- 
spect to what type of service he will solicit or what type of aid 
he should receive. For example, a recommendation to “get 
glasses” is indefensible because it implies a diagnosis and a de- 
cision that glasses are the only proper form of therapy. The 
right recommendation is to “get professional attention.” The 
aspects of visual performance in which an employee is deficient 
can be stated in his notification for transmittal to his eye doctor. 
The professional eye men also insist that employee vision that is 
satisfactory to management in all respects should not be inter- 
preted to an employee as being “perfect” or entirely satisfactory 
in a clinical sense. An employee should not be permitted to 
infer that “passing” industrial tests of vision is as good as a 
“clean bill of health” from a professional eye man, nor that, he 
has had the equivalent of a professional examination when he 
has only been tested on simple performance tests. 

In a visual survey of engineering students at Purdue Univer- 
sity, students were told, “Your test scores will be compared with 
others and you will receive a report on your standing.” Each 
student received the following report with a check mark at one 
of the four categories of visual performance: 


Oa een ee te ae 
According to visual performance tests your visual ae is: 
I—Satisfactory at present. 
II—Satisfactory with present glasses. 
I1I—Somewhat below average. If you have any discomfort with your 
eyes, especially during visual activities, have your eyes exam- 


ined by a competent specialist. If not, have your visual per- 
formance checked again next semester. 


IV—Apparently in need of immediate attention. Consult an eye doc- 
~ tor to find out how your visual efficiency can be improved to the 
benefit of your school work, your safety, and your enjoyment. 


WEAR SAFETY GLASSES IN THE SHOP 


Department of General Engineering 
by. 
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- Employee education in vision 


It should be evident from the preceding discussion that a 
visual program for employees now in service is a phase of per- 
sonnel maintenance and therefore involves problems of em- 
ployee training or education. Employees must be motivated to 
develop habits of personal maintenance, to expect to meet cer- 
tain standards of visual proficiency, and to discover for them- 
selves a source of professional eye care that can keep their visual 
proficiency at a maximum. The visual testing itself and the 
experience that it involves are important elements in this train- 
ing. The effect of survey tests as a frankly educational device 
in improvement of job performance, apart from any other cor- 
rective measure, has been demonstrated,”® and many reports of 
improvement in production, safety, and employee morale as a 
result of visual surveys can well be attributed in part at least to 
this factor. It is reasonable to expect that any real improve- 
ment in job performance due to improvement in visual profi- 
ciency will be reflected in improved performance on vision tests. 

A special problem in vision education is employees’ attitudes 
toward vision tests and visual standards. Employees often have 
only a few vague notions and many misconceptions as to the 
scope of visual functions, the nature of visual deficiencies, and 
the significance of optical aids. A concept widely in use at a 
former time, but still heard among older persons, is “weak eyes.” 
Glasses were for “weak eyes,” and those who wore glasses had 
“weak eyes.” This term no longer has any true or specific refer- 
ence among the concepts of professional men and has been re- 
placed largely in popular thinking by other terms. A current. 
term, under which are included most problems of vision, is 
“visual defect’—professional ocular services and optical aids 
“correct” visual defects. This seems an unfortunate concept 
because of the universal resistance to admission of personal 
defect. A person who solicits ocular services and accepts optical 
aid for his eyes must go through the mental operation of admit- 
ting and accepting a personal defect—unless he can find some 
other rationalization for his conduct. This attitude has been 
further promoted by visual surveys and visual standards in em- 


29K. D. Fletcher, “Effect of Special Tests on Driving Ability,’ Preliminary 
Report on Special Tests (State of California, Department of Motor Vehicles, 
Division of Drivers Licenses, 1939). 
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ployment, automobile driving, and other areas of activity, since 
those who are selected for ocular attention by these methods 
show substandard performance, and the corollary implication is 
that ocular attention is primarily if not exclusively for those 
with substandard or “defective” vision. The result of this at- 
titude is that many workmen deny themselves ocular advantages 
because of pride. In an attempt to overcome this psychological 
handicap to visual improvement, concepts of ‘visual efficiency” 
and “visual skills” have been popularized in recent years. 

An industrialist responsible for employee education should be 
able to help an employee understand his visual problems and to 
appreciate the purposes of industrial vision testing so as to elicit 
maximum co-operation toward improving his employability. 
From an industrial standpoint, visual conditions are considered 
functionally as elements of aptitude or adaptability. Whether 
the limits in visual adaptability are functional, structural, or 
pathological is not the concern of the industrialist—nor, for 
that matter, of anyone except the professional eye man. The 
industrial problem is to discover such limitations insofar as they 
are related to industrial performance and insofar as they can be 
determined reliably by simple, non-professional tests, such as 
those mentioned on page 133. These tests may be thought of 
as sampling different aspects of visual adaptability. Limitations 
in such functions are to the professional eye man symptoms of 
some basic dislocation of visual responses. To the industrialist 
they represent individual differences in visual aptitude or adapt- - 
ability for specific job requirements. Visual aptitude, in the 
sense of adaptability, is different from aptitude as ordinarily 
defined, for visual adaptability can often be modified in many 
respects by means of spectacles, magnifiers, microscopes, and 
other optical aids. Eyeglasses mediate between the visual de- 
mands of the job and the visual capacity of the worker. The 
end result should be better efficiency in activities of major 
importance. 

The employee can be encouraged to anticipate functional im- 
provement in his visual characteristics and to look upon glasses 
or other methods of eye care as a means to this end. If he 
wishes to verify the result, after a period of readaptation, in 
terms of the same industrial tests that he originally failed to 
pass, he should have an opportunity to do so. 
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Another problem of education in visual hygiene is the attitude 
of the employee toward using occupational eyewear of various 
types. In some instances, protective or corrective spectacles 
may be actually uncomfortable or otherwise not adapted to an 
employee’s individual needs and conditions. But a more general — 
unreadiness to accept optical aids of this sort can be traced in 
part to the popular misconceptions previously mentioned and in 
part to employment policies that have sometimes been followed. 
In many industries, an applicant wearing glasses has been con- 
sidered ineligible to undertake a physically active job. Surrep- 
titious use of spectacles has been reported *° among workers in 
the building trades. On jobs where ordinary spectacles are 
liable to breakage their use is certainly unsafe, not only because 
of the hazard to the wearer’s eyes but also because an employee 
who has broken his customary glasses is visually unadapted to 
his job and may therefore endanger himself and others. With 
the development of combination corrective and protective lenses, 

r “prescription goggles,” the hazard of glasses is not only elimi- 
nated but eyes are actually safer behind such lenses than they 
are without them. Corrective spectacles, whether they have 
safety lenses or not, play an important part in progressive indus- 
try today. This is indicated by the relation between use of such 
eyewear and supervisors’ ratings of employees, shown in Fig- 
ures 51 and 52. | ; 

“Getting glasses” is not necessarily the answer to the visual 
needs of employees. Neither is it the right recommendation to 
make to employees who show substandard performance on in- 
dustrial tests. Some basic causes of visual deficiency must be 
attacked by other means than eyeglasses, and many functional 
deficiencies cannot be remedied by spectacles alone. The right 
recommendation is to get professional eye care: a competent 
examination, treatment, properly fitted glasses if and as pre- 
scribed, and any necessary aftercare. 


80 Francis E. Carrell, “Defective Eyesight in the Building Trades,” The Bausch 
and Lomb Magazine, XVI, No. 3 (1940). 


7 
Training of Industrial Employees 


EMPLOYEES must be systematically trained if they are to do 
their jobs well. No matter how carefully men have been se- 
lected, or how much aptitude they may have for their jobs, sys- 
tematic training is essential if they are to reach a satisfactory 
' level of job performance.. Formerly it was standard practice to 
have training done by the foreman or supervisor in charge of the 
work. Inexperienced men were sent to the supervisor (or hired 
by him) and it was his job to see that the new men were given 
the necessary training. But just as modern scientific manage- 
ment has found that experts should supplement the work of the 
foreman in making job analyses and setting rates, so also. man- 
agement is finding that the use of experts in training is advan- 
tageous as a supplement to the work of the foreman. This does 
not mean that outside experts need necessarily do the training. 
_ Their function, rather, is to set up the machinery for the training 

to be done by properly qualified persons, to supervise the con- 
struction or writing of necessary manuals or other materials, and 
to keep in close touch with the accomplishment of the trainees 
during the instructional period. Through this procedure train- 
ing costs of various departments and various jobs may be com- 
pared, and the relative efficiency of different training methods 
may be evaluated in an objective (and often financial) manner. 

A comparison of training methods, or the evaluation of any 
single method, requires some means of measurement. The value 
of precise means of measurement of a type thoroughly accepted 
in other branches of management is now being recognized as of 
equal value in industrial training. ‘Training is teaching, and 
where there is s teaching there should be learning. Therefore, the 
effectiveness of training may be measured in terms of the 
amount that the trainees learn. The evaluation of training may 
proceed by measuring how much has been learned at various 
stages of training. 
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The Measurement of Training 


Machine operation 


In many industrial jobs the work has been time-studied, rates 
based on these studies have been set, and output or production 
of employees is indicated by production or earnings. A compari- 
son of production from one-timé to another reveals immediately 
how effective the intervening training has been and whether new 
or different methods should be tried out. A typical example of 
this method has been reported by Blankenship and Taylor ’ for 
the operations of trimming, covering, and hemming among tex- 
tile workers. The learning curves for these three operations, as 
published by Blankenship and Taylor, are reproduced in Fig- 
ure 68. In order that these curves may be comparable from one 
operation to another, the production in each case has been 
plotted in terms of Bedaux units. These units consider the 
actual motions involved in each operation and equate these so 
that a given number of Bedaux units means a given amount of 
production, regardless of the operation involved. Thus, thirty 
Bedaux units of production in trimming may be considered equal 
to thirty Bedaux units in covering or hemming. 

It will be noted that for each operation employees with less 
than five weeks of experience produced from thirty-one to forty- 
one Bedaux units. With increasing experience, the output in 
each case rose until, for trimming and hemming, it reached sixty- 
nine units at the end of thirty-five weeks; while in the case 
of covering, only sixty-two units were reached in this length of 
time. It is apparent that no serious discrepancy in speed of 
learning exists among the three operations studied. It will also 
be apparent, however, that if a serious discrepancy did exist, 
that is, if employees on any one of these jobs tended to lag con- 
sistently behind employees on the other jobs in speed of learn- 
ing, an exact quantitative measurement of the amount of the 
lag would be indicated immediately by learning curves of this 
type. Such curves, therefore, serve the very useful purpose of 
providing a means of evaluating the successfulness of an 
operator-training program and spotting decisively those oper- 


1A, B. Blankenship and H. R. Taylor, “Production of Vocational Proficiency 
in Three Machine Operations” Journal of Applied Psychology, XXII (1938), pp. 
518-526. 
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ations in which training is inadequate, either in quantity 
or quality. 

~The question may be raised as to whether such curves as those 
in Figure 68 indicate the effect. of training or the effect of experi- 
ence on the job. The answer depends on the type of activity 
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Fic. 68—Learning curves for three operations in 2 textile mill. 
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that has taken place during the period studied. ‘Obviously, if 
no formal training has been given and each operator has been 
left free to pick up the “tricks of the trade” in whatever way he 
or she can, the curves would indicate only the improvement due 
to experience. On the other hand, if formal training has been 
given systematically over a period of weeks, the curves will indi- 
cate the amount of improvement in job performance occurring 
as a result of the training and experience. The curves simply 
show the change in job performance that takes place. Whether 
this change is due to training or experience or to a combination 
of these factors can be decided only in the light of a complete 
knowledge of the conditions under which the operators have 
been working. But when the curves for a given operation are 
available, together with a knowledge of the working conditions, 
it is possible to evaluate in objective and accurate terms the 
effectiveness of the method that has been used in training 
new operators. | 

A similar curve showing the relationship between production 
and experience on the job of looping in a hosiery mill has been 
reproduced on page 16 in connection with the discussion on 
individual differences among operators at different stages of the 
learning process. Although this curve has not been graphed in 
terms of Bedaux units, the general principles involved in its 
construction are the same as those just discussed. 

The use of some method that embodies the general principle 
of measurement should be considered an essential feature of any 
training program. Without such measurement, there is no way 
of knowing whether the training is worth what it costs or, in- 
deed, whether it is worth anything at all. 

An excellent example of the application of this method to the 
evaluation of a job-training program has been published by 
Greenly.’ Figure 69, reproduced from Greenly’s article, shows 
the reduction in time required to change the knives on a flying 
shears following a program of job training dealing with this 
operation. The graph shows that the average time required for 
the operation for the year preceding the installation of the 
training program was twenty-nine minutes. Immediately after 
the training was undertaken a drop in the time required for the 


2R. J. Greenly, “Job Training,” National Association of Manufacturers Labor 
Relations Bulletin, No. 85 (1941), pp. 5-8. 
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operation is apparent. This drop continued for three successive 
months, at the end of which time the operation required an aver- 
age time of only eighteen minutes. From a graph of this type it 
is a simple matter to compute the dollars-and-cents savings 
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Fig. 69—Effect of a job training program on the time required to change knives 
in a flying shears. 


15 


effected by such a job-training program. In this instance the 
twelve minutes saved times the minutes labor cost times the 
average number of changes resulted in a saving of $1740 per 
month or $20,880 per year. 

The results of a similar job-training program for rollers in a 
sheet and tin mill are also presented by Greenly.* The effective- 
ness of this training is shown in Figure 70. In this figure the 
solid line shows the average production of all rollers by weekly 
periods over a four-months interval. The dotted line shows the 
corresponding production of rollers who at the outset were 
below average in production and who were selected to receive 
training because of their previous poor production record. The 
graph shows that after the four-months period the men who re-— 
ceived training had increased their production by an amount 


3 Tbhid. 


190 TRAINING OF INDUSTRIAL EMPLOYEES 


that brought them up approximately to the average of all rollers 
in the plant. 

One should not expect such striking results to follow the in- 
stallation of a job-training program in every instance. The 
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Fie. 70—Effect of a job training program on the production of rollers in a steel 
mill, 


point to be emphasized here is not that job training will always 
and invariably produce a marked increase in production or a 
marked monetary saving, but that only by the use of some quan- 
titative comparison of job performance after the training is 
given is it possible to know the effect of the program. It is even 
more important to have such information in the case of job 
training that does not result in a marked improvement, for 
otherwise there would be no way of knowing that the money 
spent for the training program is not a good investment. 


Company policy and technical information 


To measure the effect of training in terms of immediate mone- 
tary savings is not always possible. This does not mean, how- 
ever, that such measurement is impossible. On the contrary, 
measurement may often be made of the effectiveness of training 
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in such matters as company policy, knowledge of job, technical 
information, and so on, by means of specially constructed tests. 
For example, many industries devote a considerable amount of 
attention to supervisory training conferences. Such conferences 
frequently emphasize the importance of company policy and 
devote a considerable amount of time to instructing supervisors 
in ways of handling numerous kinds of problems, the solution of 
which requires a knowledge of company policy. It is not neces- 
sary to assume that such conferences implant the necessary or 
desired information in the mind of the supervisor, nor is it neces- 
sary to rely upon the supervisors’ answers to such questions as, 
“Have these conferences improved your ability to handle situ- 
ations?” in order to find out whether the conferences have actu- 
ally had the desired effect. A more satisfactory method of 
evaluating such conferences is to resort to the general principle 
of measurement. Such measurement can readily be made by 
means of specially constructed true-false or multiple-choice 
questions that cover thoroughly the subject matter of the con- 
ferences and that determine in quantitative terms just what the 
~ supervisors know and do not know about the subject matter 
before and after the conferences have been held. Typical exam- 
ples of the kind of questions that may be used for this purpose 
have been published by Mapel.* 


If an employee is called out for work at 8:00 P.m. because of a va- 
cancy in a position regularly filled by another employee, and he 
works until 12:00 p.m., he should be paid for: 


1. 4 hours work. 
2. 5 hours work. 
3. 6 hours work. 
4, 8 hours work. 


In department “A” there are three shears; John Jones is first helper 
on No. 1 shear, who, due to sickness of the shearman, has acquired two 
weeks experience as a shearman. Several months later a vacancy ex- 
ists in the shearman’s position. First chance at the vacancy should 
be given to: 


1. John Jones. 
2. The first helper with the longest departmental service. 
3. First helper with the greatest plant service. 


4K. B. Mapel, “Stimulating Employee Self-Improvement,” Personnel Journal, 
19 (1941), pp. 316-324. 
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4. The first helper with the longest service where combined factors 
are relatively equal. 


Questions such as these result in a measurement—not an esti- 
mate or a guess—that reveals whether the men who have been 
trained actually have achieved an increased understanding of 
company policy. 

Questions of this general form may be used in still other areas 
of training to determine the effectiveness of instruction. Many 
industries have in-service training that covers technical informa- 
tion or content peculiar to their individual industries. The trade 
of pipe fitting, for example, though many of its details are com- 
mon in various industries, often involves certain particular infor- 
mation of a technical nature that is required of the pipe fitters 
in a given industrial plant. If training covering this specific 
technical information has been given, it is only reasonable for 
management to ask whether the training has been effective. 
This can be determined by such questions as the following, taken 
from a typical test used in a large steel mill: 


The correct pressure to use when unloading an acid tank ear is 


CLye2k (2) 36 (3) 64 (4) 90 pounds. (aan) 
The correct pressure to use when unloading an oil tank car is 
(1y27 (2) 36 (3) 64° (4) 90 pounds. (er) 


Oil and grease must be kept out of a pipe used for explosive mate- 
rials because (1) contaminated gases do not burn so well, (2) an ex- 
plosion will result, (3) it will cause clogging of the burners, (4) it 
makes repair work more difficult. (bes) 


City water lines should not be connected to mill water lines because 
(1) this would contaminate the city water, (2) city water is more 
expensive and should be used for drinking only, (3) the chlorine in 
the city water would damage machinery and steel product, (4) mill 
water 1s under high pressure and this would burst the city water 
lines. bags) 


The above illustrations will suffice to show that whatever may 
be the subject matter of industrial in-service training it is pos- 
sible to devise some sort of quantitative method to measure its 
effect. The measurement may involve production records before 
and after the training, scores on tests designed specifically to 
cover the subject matter of the training, or reduction in the 
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time required to perform a certain typical operation in which 
the employees have been trained. It is possible, indeed, in some 
instances, to utilize several of these methods to measure the 
effectiveness of training. Management need no longer accept 
a training program on faith or because of someone's flowery 
statements about the presumed value of the program. The ap- 
plication of psychological measurement makes it possible to 
evaluate training objectively. 


Types of Training 


Job training of present employees 


Modern industry is in a process of continuous technological 
change. No matter how well an employee may be able to do his 
work today, tomorrow he may find his job so changed that addi- 
tional training is needed if he is to remain efficient. Continuous 
job training is a necessary corollary of continuous technological 
change. Job training to keep present employees efficient on 
their job was formerly conducted by supervisors. The ever- 
increasing complexity of industrial machines has caused the 
supervisor to become less and less able to cope with the technical 
phases of this training. In 1916, nearly any handy man with a 
few tools could do a reasonably satisfactory job of repairing his 
own automobile, even to the point of overhauling the motor. 
But the modern automobile has become so complex that a me- 
chanic without specific training in the particular adjustments 
and tolerances recommended by the factory is quite unlikely to 
accomplish anything like a satisfactory job of overhauling. This 
problem has been met by supplying factory-trained mechanics, 
specially prepared manuals, and the offering of refresher courses 
to cover new developments. 

Modern industry finds itself in a position similar to that of 

_ the automobile service station. No longer can any mechanically 
minded man be expected to perform satisfactorily in the opera- 
tion of producing units. And no longer is the foreman able to 
analyze for himself the intricacies of the machines and to train 
new operators without outside help. This situation has resulted 
in the development of training as a new branch of management. 
The job trainer is essentially a man who has—been—“factory.... 
trained” in the maintenance or operation, or both, of certain 


ee 
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producing units. His job is to relay this information. by specific 
training to the employees who are to operate these units. Ordi- 
narily the job trainer is not responsible for production and often 
he is responsible only indirectly to the foreman or supervisor 
who is in direct charge of production. In one sense, he is an 
“outsider,” just as the industrial engineer, the safety expert, and 
the personnel manager are “outsiders.” But this does not mean 
that he should have little contact with the supervisor. He 
should, indeed, make every effort to develop a co-operative 
working arrangement with the supervisors of those departments 
in which he is doing training. He is not ordinarily allocated for 
any long period of time to a single department. His job is to 
work as frequently and for as long periods as are necessary in 
various departments as an expert who brings technical informa-_ 
tion and skill to the trainees. 

The effectiveness of a well-organized program of job training 
may be inferred from an inspection of Figures 69 and 70. In 
both of these instances the improvement in job performance was 
directly traceable to the activities of job trainers who had been 
assigned to these specific jobs. 

The sources of information for the job trainer himself are 
varied. In some instances it may be desirable for him to spend 
a period of time in the factory in which the machine itself is 
manufactured. By so doing he often learns many things about 
the operation of the machine that could be learned only with 
great difficulty, if at all, without this factory experience. It is 
often desirable for the job trainer to work in close co-operation 
with the industrial engineering department. By analysis of 
motion study it is often possible to change the work pattern so 
_ that the actual number of motions or complexity of motions in 
performing the job is considerably reduced. In nearly every 
instance it is advisable to have the trainer work as a trainer 
while he is on this job and not partly as a trainer and partly as 
a producer. The illustration cited in Chapter 10 on the training 
of inspectors typifies the difficulties often experienced when 
training is offered by an employee who also is responsible for 
certain production. Of course it is often impossible to allocate 
any man or men permanently to the job of training. When the 
training has been completed, the job trainer often returns to his 
former activities, either as a producer or a supervisor. But 
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usually it is advisable for him to function as a trainer when 
he is doing training and as an operator or supervisor when he 
is not doing training and not attempt to do both jobs at the 
same time. 

The value of job training is so great that one division of the 
Office of Production Management has been created specifically 
to assist industry in‘setting up and administering such training. 
This organization is known as the Training Within Industry 
(TWI) Division of the Advisory Commission to the Council on 
National Defense. It has arranged for the publication and dis- 
tribution of numerous materials, typical of which is the Manual 
on Job Instruction ® of the Western Electric Company. 


Job training of new employees 


A great deal has been said in the early part of this book con- 
cerning the magnitude and significance of individual differences 
in employee productivity. It was emphasized that these differ- 
ences are often due to individual differences in employee ca- 
pacity for the job, which is measurable by appropriate tests at 
the time of hiring or placement. But it should also be recog- 
nized that individual differences in employee productivity are 
due often in large part to differences in the training that em- 
ployees have been given. Seashore* has pointed out that at 
least three basic factors may cause individual differences in 
human abilities. These factors are: : /differences in biological 
bases of performance, differences in the amount of previous 
training, and differences in the particular work methods that are 
adopted by each individual during the learning period. If sev- 
eral new employees are started simultaneously upon a new job 
that is somewhat complex in nature, and if these employees are 
not given identical and standardized instruction in the opera- 
tions of that job, it is quite unlikely that all will be equally 
skillful in adopting the most satisfactory work methods. It is 
exactly as if a number of persons start simultaneously, without 
instruction, to learn the operation of a typewriter. Some, if not 
most, persons in this situation will adopt the so-called “hunt 


5 Job Instruction: A Manual for Shop Supervisors and Instructors (Western 
Electric Company, 1940). 

6R. H. Seashore, “Work Methods: An Often Neglected Factor Underlying In- 
“dividual Differences, ” Psychological Review, XLVI (1939), pp. 123-141. 
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and peck” system, because this system is easily understood even 
without instruction and because it results almost at once in some 
evidence of accomplishment. A few, perhaps, who take the 
trouble to study the nature of the problem and thus become 
familiar with the fact that the touch system exists, and who are 
willing to sacrifice immediate evidence of accomplishment in 
favor of a learning procedure that eventually will result in con- 
siderably greater accomplishment, will not attempt the hunt- 
and-peck system at all but will start immediately to learn the 
touch system. After a period of time, say three months, those 
who learn the touch system will be many times more able to 
operate a typewriter in terms of both speed and accuracy than 
those who followed the more immediately apparent method of 
“hunting and pecking.” With full recognition of the greater 
efficiency of the touch system, every commercial school super- 
vises the training of students in typing so that all are taught the 
more desirable method. To facilitate the instruction, use is 
made of such devices as the blank keyboard to insure adherence 
to the preferred method and to avoid any relapse, even tempo- 
rarily, to an undesirable method. 

In many ways, performance on an industrial job is similar to 
typing. If employees are placed upon a new job without formal 
instruction in the operation of the job, each will adopt a method 
of work that is determined by (1) his insight into what is right 
and what is wrong, (2) his willingness to forego immediate ac- 
complishment for greater later accomplishment, and (3) what 
he is able to observe of the activities of other employees on the 
same job. Management should not expect a new employee to 
have very much of the first factor mentioned above, that is, in- 
sight into improved work methods. Such insight comes only as 
a result of extended study in the field of motion analysis, the use 
of special equipment for performing motion analyses, and a 
considerable amount of specific study of each job. Neither 
should management expect employees to have very much of the 
second factor mentioned above. Each employee when placed on 
a new job assumes, if he is not instructed otherwise, that he is 
expected to obtain some production immediately upon that job. 
It would often be unwise, if not fatal, for him to attempt to 
teach himself a method that would result in no production for 
a period of four or five weeks, even if it were possible for him 
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to do so. Management, on the other hand, should certainly not 
expect employees to have the time, training, or inclination to 
carry on a prolonged study of the job before attempting to 
achieve some production. For these reasons new employees will, 
in the vast majority of cases, adopt an inferior method of job 
performance if they are not ‘subjected to a formal program of 
instruction. They will use work methods, to use Seashore’s 
terminology, that will become fixed in the form of work habits 
that result in generally low production and that later must be 
unlearned before proper methods can be instituted. 

_—This situation can largely be offset by a program of job 
training organized so that every new employee is taught from 
the outset the proper way to do his job. The job trainer must 
be a man who is thoroughly acquainted with motion study and 
who either has conducted motion studies of the job or has avail- 
able such motion studies from the industrial engineering depart- 
ment. He must be a man who is able to teach the proper 
method to the new employees. The ability to teach presupposes 
something more than personal skill which he himself may 
possess. He must be both able and willing to explain the 
approved methods, be patient while these methods are being 
understood and followed, and be willing to devote considerable 
energy to the encouragement of employees during those periods 
in the learning process when little or no improvement or accom- 
plishment seems apparent to the learners themselves. For 
example, reference to Figure 12 on page 16 will show that the 
average looper in the hosiery industry reaches what is called a 
plateau in learning from the seventh to the twelfth month on 
the job. During this plateau period little if any improvement 
in production is attained and as a result many employees, 
feeling that they have attained the limit of their production 
and being unsatisfied with their earnings, are likely to quit the 
job. A considerable investment is required by the company to 
bring an employee up to this level of performance. If an em- 
ployee decides to quit at this point, the investment is largely 
wasted. One of the functions of the job trainer, then, is to 
keep the employees on the job until this plateau is passed. To 
do this requires a knowledge of the existence of the plateau and 
ability to explain it to the employees. 

The job trainer has many responsibilities in addition to 
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instruction in the specific routine of job performance. Often 
he is the only man with whom the new employees are in daily 
contact. The impressions of the company which they form 
in the early stages of their employment, and which often remain 
with them as long as they remain employees, are often largely 
dependent upon their reactions to the job trainer. He must be 
able to explain company policy to the employees and to give 
them convincing reasons for the existence of these policies. He 
must be able to explain the wage-payment plan in operation 
and to show why this plan has been adopted by the company 
rather than some other plan which the employees might think 
is more fair. If he finds that certain phases of company policy 
are not in general understood or are not accepted by new 
employees, it is his job to relay this information to the depart- 
ment of industrial relations or to the other management men 
who are responsible for the adoption of the policies in question. 
Employee training, as a branch of management, is becoming 
so important that many industries have set up as a part of their 
industrial relations department a specific training division. 


Supervisory training 

Perhaps no job in industry has undergone such great changes 
during the past twenty years as that of the supervisor or fore- 
man. ‘Two decades ago, when a supervisory position was to be 
filled, the best producer in the department was usually given 
the job without regard to his ability (or lack of it) in the 
industrial-relations phases of the supervisory position. As a 
result of this policy the foreman was often a “bull of the woods.” 
He hired and fired, set the rates for his men, dealt with problems 
of discipline as he saw fit, was responsible for his own quality 
control, determined methods of work, did his own training, and 
took care of his own maintenance. The emergence and develop- 
ment of scientific management gradually took many of these 
responsibilities away from the foreman. Problems of hiring 
have largely been taken over by the personnel department. 
Responsibility for layoff has been assumed by the department 
of industrial relations. Wage rates have been established on a 
scientific basis by industrial engineers. Problems of discipline 
have largely been delegated to the supervisor of industrial rela- 
tions. Quality control has often become so dependent upon the 
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use of technical equipment that the creation of an inspection 
department has been necessary. Methods of determining the 
most efficient layout of work have been taken over by motion 
study specialists from the department of industrial engineering;. 
Because of the increasing complexity of machinery, a specialized 
department dealing with the maintenance of equipment his 
been established. And now the training of new employees is 
becoming specialized with job trainers assigned to do work that 
was formerly conducted by supervisors alone. 

Many foremen feel that these changes have gradually removed 
from the supervisor so many of his former duties and responsi- 
bilities that the very need for the foreman has almost disap- 
peared. But with the removal of many of his former responsi- 
bilities and duties has come the assignment of many new duties 
with which the foreman was not concerned twenty years ago. 

(The foreman of today must know the law. Daily, almost hourly, 
problems arise and decisions must be made in which the voice 
of the foreman is the voice of management. Recent social 
legislation has made it imperative that decisions made by man- 
agement with respect to such matters as layoff, transfer, 
seniority, hours of work, wages, and a host of other matters must 
conform to certain legal requirements. Decisions on such 
matters must be made by the foreman. Often these decisions 
must be made at once, with no time for conferences or for 
consultation of statements of the law. Decisions may involve 
such problems as hours of work, settlement of a grievance, or 
interpretation of a union contract for determining the seniority 
of one man over another. Such decisions cannot be made by 
rule of thumb. They must be made, always, in the light of 
written laws, policies, and union contracts. The foreman must 
know these documents and their interpretation. He must be 
able quickly and accurately to size up a situation and outline 
a course of action that will not be in conflict with laws or 
agreements. ) A good producer might have made a good super- 
visor twenty years ago, but today the foreman must in addition 
be something of a lawyer and, incidentally, a pretty good one. 

The foreman today must be a statesman who has both wisdom 
and power to act. Disputes were settled easily twenty years ago. 
The rule was simple and easy to learn—in any dispute the 
foreman was right and the employee wrong. Today both may 
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be right or both may be wrong, or each may be partly right and 
partly wrong. <A decision reached by management today must 
be made after consideration of all angles and the viewpoints of 
all parties. It is a commonplace observation that when authori- 
tarian judgments give way to discussion as a means of settling 
grievances, a degree of mutual understanding must be developed 
by both parties. The foreman of today must not boss his men 
so much as he must understand them. He must know why this 
one becomes disgruntled upon slight pretext, why that one is 
often late to work. His job is to help the men help themselves. 
This is particularly true in periods of emergency production 
when, as one foreman put it, “You don’t dare bawl a man out. 
If you do, he might quit.” The foreman of today must know 
how to handle men without making use of a “big stick.”” Though 
the foreman has seldom studied the subject of psychology, it is 
very important for him to know, if he is to do his job well, that 
the desires and wishes of his men must be both understood and 
considered. Without such understanding he cannot hope to be 
a satisfactory supervisor. 

The foreman must look upon the experts in personnel, motion 
study, rate setting, and so on, not as rivals and substitutes but 
as specially trained men who have been assigned to help him 
with his job. He must understand the services performed by 
these experts and be able to explain these services to the men. 
The wage incentive plan may be installed by an industrial 
engineer, but it is the foreman, not the industrial engineer, who 
must be able to explain the plan to the employees. When an 
employee cannot figure out why his pay check came to only 
$28.60 instead of $28.70, the foreman must be able to explain 
how the figure of $28.60 was reached. If he cannot do so, the 
worker may be disturbed out of all proportion to his imagined 
loss of ten cents. 

Changes in the job of the supervisor such as those described 
above have made it necessary for management to devote con- 
siderable time and effort to the training of supervisors. Many 
industries have set up a complete program of supervisory train- 
ing conferences, the purpose of which is to train the present 
supervisors in the newer aspects of their job that are developing 
almost daily and to prepare younger men who are to become 
supervisors. One plan in common use is to have every super- 
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visor, or potential supervisor, attend a conference or class on 
company time for a period of from one and a half to two hours 
at approximately two-week intervals. The subject matter 
covered in such conferences varies considerably from plant to 
plant, and in each case is decided upon by management in the 
light of the needs of the industry. A typical list of the subjects 
covered in one series of supervisory conferences is shown in 


Table XVIII. 


TABLE XVIII 


TOPICS COVERED IN A SERIES OF SUPERVISORY TRAINING CONFERENCES 7 


Accident Prevention 
Waste Prevention 
Training for the New Employee 
Re-training of the Present Employees 
Cost of Maintenance 
Cost of Materials Used in Ingot Production 
Incentives (Financial and Non-financial) 
Job Training 
Stability of Employment 
10. Co-operation 
11. The Cost of a Ton of Steel 
12. Direct Application of a Cost System 
13. Inspection 
14. Recognition of Ideas (old and new) 
15. Transportation (inter and intra) 
16. Methods of Handling Complaints 
17. Plant Protection 
18. Why Condition—Semi-finished Material 
19. Discipline 
20. Proper Methods of Dealing with Men 
21. Product and Machine Innovations 
- 22. Publication of Management’s Policies (uniformity) 
23. The Application of Conference Conclusions 
24. Job Analysis versus Man Analysis 
25. Service—What is it? 
26. Quality versus Quantity 
27. Seniority 
28. ‘What’s on the Worker’s Mind?” 
29. Collective Bargaining 
30. Unemployment Insurance 


While many of the topics listed in Table XVIII deal with 
matters of production, it will be noted that several are devoted 
to such matters as company policy, industrial relations, union 
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7R. J. Greenly, “Conference Leadership: Report on First Conference Leaders’ 
Conference, Carnegie-Illinois Steel Corporation, Gary Works.” (Indiana State 
Board for Vocational Education in Co-operation with the Training Division of the 
Industrial Relations Department, Carnegie-Illinois Steel Corporation, Gary, 
Indiana, 1937.) 


ydocy 


{UB 


owen cece wn nw nn we wn ws oo oo a wn a en ene re nn nen eens ener nee - 


T UME NON ASVO 


‘SSoIpol PUBLUOP 0} SUsZBOIYZ PUB doq4TTU 


i “UWOD OOUVAIIG ST YI dn 10}}BUL oY} SoyeZ oof ssofuN UOTJOR sIy osuUBYO JOU p[NoYs uBWaIOT oY, °9 
UF ‘ATUodO PozE[OIA oq 07 a[NA WOTPodS UT oY} SUTMOT[R IOF poty oq p[NoYs uBWaIOF ayy, “c 
af "SSOT S,Yooa sty toy dn oYVur 0} YOM oUTZ10AO YSsnous UsATs oq PlNoYs sor “}F 


‘S1OYJO JO WOT}JDV OY} JO SsolpxVsor ‘S90 ST 10}dBI} OY 


iL JO worjvitodo snonurzUoD oY} AOF AZTIqrsuodser sours ‘st 4 se pues yx1odoI oY} YoT plNoys weUIeIOT OYJ, ‘¢ 
iL ‘qtOdal WOTZRIOIA BNI oY} PIOA puB VOL 0} ozISojode prnoys uBWeIOT ey, °Z 
L ‘Soye[q eof 07 [eube sorzyeued usatrs oq plMoys sioseyoeg XIS ey], ‘TL 


‘Ayjuvepo esuodser mod MOYs 03 Ins og 
«ib, OY} epoitoue ‘veise LON op nok ZT 
gjorrd B ynd ‘geise nok JT ‘“A[[NJorws ouo yows Apnyg 


‘yqnop ut o1@ nod JT 


«bby STQNOP oY} ofoLoU 
"JUOUWIO}VIS OY} GUIMOT[OF ,,.T,, Oy} PUNO 
‘uorzenzyIs styy 03 A[dde szusurezejs SurMmoT[OF oy, 


NOILVdOdYOO THHLIS SIONITILAIOANYVO—SNOILV TUN TVINLSOGNI 


‘Juouyredep sy} UL 9UOATOAD ATABIU 0} UMOTY 919M POATOA 
-UI US 9Yy JO SoMIBVU YY puUB S[IBJop oseyy, “A107BART 
oy} UL AVMB SBM OY O[IYM LOJDVIZ S00 FO «OJVIPBI 
oy} poureip ‘eyol ev se ‘oy siaseyoeg xIs Fo dnois e& 
AC posnevs SBM UMOPYVII 10}0BI} oY} FVY} pPozJeTZUBISqns 
SBM PUB OSOIV IOWNI OY} YooM SUIMOT[OF oY} Sut 


"OBL 
poos ym Ayyeued oy} poydeooR pus sreyjINF onsie 0} 
OSIM 4 [eet JOU pIp sor ‘URW MoU B SUlEG ‘“UMOPYRaIq 
oy} etozeq ysn{ 10zVIper oY} pel[y pey oy ey} poeysisut 
oyM 10ze10d0 snotAeid oY} UL 4YSnoIg pus UOTZVedSUT 4sIE 
oy} WO 03 votyovid poyV1ojo} PUB UMOUY TOM B SBM 4L 
yey} UBWIAIOZ oY} pepuruel vor “yok, YoomM-ouo B WITY 
suits Aq oof pezijeued AyJuenbesuos pue ‘sana yueld 
oy} FO UWOTZRIOTA ABIID B puUB SSoUSSeToIed FO JoRV UB SB 
qUeplouL oy} pojtoder ueuUeIOZ oy} “SUTQBVSTISOAUT 19TV 


‘os 03 ApBat OUTYORUE oY} SpUYy We SUIMOT[OF 
ay} OS UIN} of} FO pus oy} 7B UOTJ.edSUT [NFoIB. B SoyBU 


‘stozelodo 103081} ey} SuUOWTR yUaUIEGIse 03 SUTPAODOR 
‘jnq Uoryoodsur 4siy oy} oye you soop ‘yuemzredap 
oy} UL si1oze1edo soyJO [Te oyIT ‘oxeTG sof ‘104%e10d0 
qxou oY} 0} IdAO OUTYOVUL OY} SuTUIN, o10Feq osTe pue 
‘Uunseq SI YloM olozeq ATYSno10y}Z oUTYyoVU sty yoodsut 
Tlvys 1oze10d0 YoRs 7VY} So}BIS So[NI 1040814 OY} JO UC 
‘SSO. PUB MOISNJU0D o[qBIEpISUOD 
pesned I10ZIB1} STYZ FO doUsqe oY} 03 onp Avjep Surypnse.t 
oy} Pus s[Npetos puryeq o1eM sjzuewyredep ateder pus 
sutddrys yjog ‘siredet 10f doys oy} 03 gues oq 03 pey 
pue toyerper AIp B JO osnvdeq po}BeYAeAO oUTBIEq 107081} 
Sty 068 Yoom W ‘woyy Aq papuewmoser ATYSty sem pue 
Auvdw0od SuLoqysteu e 10J poytom ay qol sty} 03 Suruos 
elofog ‘OSB YooM B [IZUN plodel UBa[o B PeY pue syyuOW 
xis Auedwoo ey} OZ poeyIomM sey oFT “guowyzredep 
suddiys § ‘ON Ur 4103¥1edO 1030813 B SI OYBIG 90f 


SNUTAOUd AYOSTAYAdNS 
Tt qHdNON ASVO 


» AOITOd ANVdWOO 
LAOGY MONS SUOSIANAGAG LVHAA DNIVASVAJY NI GasQ “Lsay, V 


XIX WIAVL 


202 


Ge 


bé 


bb 


bé 


bi 


SA Eat ed et 


L 


"gg-0€ ‘dd ‘(ZP6T) “99 “ON Seog [9UUOSIOgT 
UOIJBIDOSSY JUIUIDSCUBL UBDIIOUITV ,,“SUIUIBIY, AIOSIAIOMNG UL poy] 9SBHD 94 L,, ‘A[UV0IDH “fF UY x 


‘soAo0[due ue 
JSUIVSB WOTJOV SoxV} OY sLOFoq spoVF oY} [[@ FO puw UWOTYeWIOZFUT STY FO UTYZI0D 0G PlNOYs uvWMeIOy VW 


“MVUWIIIOF OY} YIM ATO[OS SySot vdUEIIND00 oY} LOZ OULBl_ 
‘poxy oq youuvs AZTTIQisuodset oY} YOTYM UL SUOTIENZIS osOy} FO OUO ST SIU, 
‘staseyoed XIS oY} YJIM ATOTOS szsex soMeIINDD0 oY} OZ AytTIqrsuodser oY, 


“OATJVJUOSOIdaI §,JUSTIOSVUBU ST OYM UBuULoIoF oy} Aq poaoidde AyTy10e4 
SUM ootpoRid worpoedsut oy} osnBseq osBd STYy UT AZTTTqIsuodser ou pey dnors vB sv s10ze1edoO 103081} Ol], 


‘arerou coxoTdute TaMoy, prnom yey sours ‘epeu sea Juourspnfstut 
Aysey JO 1OLl1a UB ZY} JLUIpB 0} YUOpuszut1edns pue uUeUTeIoF oY} Jrumted you prnoys Auedwuoo sy, 


“AJLLOYING SITY OUTWILOPUN PUB WOTZOIAF osvaroUt 03 ATWO SAIOS P[NOA WOTZRIOTA o_NI B FO VoUBIE][O} 
SIY Jo UWorsstupe sours ‘efqissod yr ‘aostarodns sty wWoIF 10}}BUL VY} [BIDUOD P[NOYS UewaIoZ OYJ, 


"WOTPBIOTA 
a[nt oY} FO Mouy oy Ysnoy} woaos soryovid uotpyodsut pozrut, oy} LOZ oTQtsuodser JOU SVM WRUBIOF OYJ, 


‘aotgoerd Wotzpoodsut poJIUUI[, oY} peze.1e 
-[0} puv JO UMOTY pey oy Jey} AOstaArodns sty 03 sururefdxo Aq wow sty yoozord pynoys Weule1ofZ oatLJ, 


‘Q[NI WOTZdIdsSUT OY} 0} PaBsor Ut voTZOBId TOY} FO esnBdeq 
SSOUSSI[IIVI PUB JYOO[SOU [NJ[IM OF poztpeued oq plnoys yuowyzredep oy} Ut s10}zv10do 103081} OY} [TV 


‘quoujzredep os} 
qnoysnoiy} 10440, et} 0} pekeqo Suteq ore sofnI yuLtd Jey 99S 0} opBU oq P[NoYS AdAInS [BIOUed W 


“moTVBdTyseAut 1odoi1d JnoyyIM yNo pott4zed sorotjod Are141GQ.1e 
Sjuswedeueut Jo oidurexo ue se oyep a9zRy B ye Auvdurod oY} ysuTeSe prey oq 4JydIuE osvo oY} FO 
qoodse 4vy} JO WOTJIUSODI PoAVTEP VoUIS S1osvyoVd oY} FO Joe dy} OzIUSOdeI 0} VsnFJo1 prnoys AueduIo0d st, 


"MOT}OW §,UBULBIOF 
oy} .dn ysny,, 0} woyxey oq prnoys sdoqs arsy}0 pue yuouryredep oyjOUe 03 PoLiezsuBly oq P[NOYs vor 


‘sont guefd Fo worejora eB pue ,,ayol peooevad,, @ Aq posned ssoy pue ose oY} YNO SuTguIod ‘ueur 
oY} YIM Suyoou ev Surpjoy Aq woTyeNzIs oy} FO osequeape oye} prnoys zostasodns [eyuewyIedap oy, 


nal 


205 


204 TRAINING OF INDUSTRIAL EMPLOYEES 


contracts, and the services of experts in such fields as job analysis 
and insurance. 

It has already been emphasized that some means of measuring 
the effectiveness of training should be employed. A typical 
method of measuring the effectiveness of training in company 
policy is illustrated by supervisory case problems, with related 
true-false questions, such as the one reproduced in Table XIX 
on pages 202-203. 

The Joe Blake case (the name is fictitious) is an actual case 
that arose in one industry during one of the conferences on — 
company policy. (The answers to the twenty true-false questions 
obtained from a group of supervisors not only furnish manage- 
ment with a means of knowing how well prepared supervisors 
are to handle this type of problem but also indicate what areas 
of company policy should be covered in the supervisory training 
conferences in order to achieve a unified understanding of 
company policy on the part of supervision. A series of twenty 
cases, with twenty true-false questions on each case—from 
which Case 1 was taken—furnishes management with a 400- 
item true-false test with which to measure how much the su- 
pervisors know about the administration of company policy. 
True-false or objective questionnaires, formerly considered 
purely academic in application, have been found to be service- 
able as measuring instruments in practical industrial training 
situations. Similar use may be made of multiple-choice ques- 
tions dealing with company policy. ) 


Apprentice training 


The training of operatives—either old or new employees—can 
ordinarily be carried on as the need for operatives arises. An 
immense number—perhaps a large majority—of industrial 
employees are engaged in semiskilled jobs that require an in- 
tensive but not an extensive period of training. Trainees for 
such jobs can often be prepared in a relatively short period of 
time—often only two or three weeks. The training of super- 
visors, on the other hand, requires considerably longer. An 
adequate understanding of the increasingly complex duties of 
the modern. supervisor ordinarily requires a several months > 
instructional period. Industries must therefore use considerable 
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foresight in anticipating supervisory needs so that training 
- programs may be undertaken in advance of the actual need for 
supervisors. 

Another area of industrial training in which still greater 
foresight must ordinarily be exercised is the training of skilled 
tradesmen. ‘This training is usually accomplished by means of 
an apprentice program. Except for college-trained technical 
men there is perhaps no other single group of industrial em- 
ployees who require so extensive a period of training for expert 
performance as do skilled tradesmen. The federal committee 
on apprenticeship training specifies that the training period for 
apprentices shall be not less than 2000 hours, and that the shop 
instruction shall be accompanied by not less than 144 hours of | 
instruction under public authorities. These stipulations reflect 
the well-substantiated judgment of those experienced in this 
field that adequate training of skilled tradesmen requires an 
intensive and extensive instructional period. These facts make 
it more necessary for industry to look into the future in the 
training of skilled tradesmen than in the training of many other 
types of industrial employees. The various details in the 
administration of an apprentice program, together with the 
contractual agreement between the apprentice and the employer, 
are not of primary concern to the technical psychologist, and 
therefore will not be discussed here. Psychology, however, may - 
be definitely applied in the use of aptitude and qualification 
tests for the selection of boys to receive apprentice training. 
While mass production in industry has reduced the proportion 
of employees who must be skilled tradesmen, the design, con- 
struction, and maintenance of machines has increased so much 
in complexity that a very high level of capacity is required of 
the boy who is to become a skilled tradesman. Figures 5 to 8 
in Chapter 1 show that the range of ability among applicants 
for apprenticeships is large indeed. Any program of apprentice 
training that does not provide an adequate means of selecting 
trainees according to their capacity to benefit from the training 
is likely to result not only in a failure to develop expert. trades- 
men but also in the waste of a considerable company investment 
in the training given. Those responsible for the administration 
of an apprentice program should therefore work in close collabo- 
ration with the testing division of the personnel office*so that 
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trainees will be selected who are able to take full advantage of 
the opportunity offered. 


Other fields or types of training 


A complete industrial training program provides for several 
types of training in addition to those mentioned above. Among 
these is the training of college graduates. It has long been 
recognized that the average college man needs help in bridging 
the gap between the campus and the plant. Every industry has 
specialized equipment, processes, and methods of production 
that are quite unknown to the college student at the time he 
goes to work. A training program that permits him to spend a 
certain amount of time in each of several departments so as to 
obtain a background of practical experience which he can relate 
to his technical training is an indispensable part of an adequate 
training program for newly inducted college men. This problem 
is met to some extent by the so-called co-operative systems of 
higher education in which the student alternates between college 
and industrial employment, each activity occupying approxi- 
mately a six-months period. This procedure does not entirely 
solve the problem, however, partly because the co-operative 
plan is not in extensive use and partly because even where 
practiced it acquaints the student only with those industries in 
which he has had his work experience. Plants differ markedly 
not only from one industry to another but even from one plant 
to another in the same industry. Until a student has had an 
opportunity to learn at first hand the production problems of 
the plant in which he is later to work he cannot be expected to 
be a very valuable member of the organization. Thus, special 
training for college men is nearly always necessary as one phase 
of a training program. 

Related trade training in various forms offered by public- 
school systems is another type of training commonly used by 
industry. With the passage of the Smith-Hughes Act in 1917 
and the George-Deen Act in 1936, certain funds were made 
available to school systems through the state offices of education 
to encourage the development of various forms of vocational 
education. The particular type of education or training that 
may be offered by a public-school system can usually be de- 
termined largely by the needs of local industries, if the industrial 
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men responsible for the training are willing to work in co- 
operation with the school officials in organizing the courses of 
study. Under this plan, school systems may give in evening 
and extension classes technical training in areas related to the 
jobs of men employed by local industrial plants. This system 
not only removes from the industry a considerable responsibility 
in the training of employees in newer developments of their 
work, but also furnishes a desirable relationship between the 
schools and the industries. 

Correspondence courses furnish another type of training that 
is often helpful in keeping employees abreast of their jobs and 
technically prepared to assume more responsible positions. How- 
ever, certain objections to correspondence courses as a means of 
training have been raised. These courses, though usually of 
considerable value in fields that have been well standardized, 
often do not take into consideration the specific needs of any 
local industrial situation. It is also true, unfortunately, that 
often the employees who elect to take the correspondence courses 
are not the ones who would profit the most from them. As 
Bird and Paterson* have pointed out, correspondence schools 
could be of much greater service if, instead of selling a course 
to anyone, they would select students in terms of aptitude and 
previous training. As it is, only 6 per cent of the group of 305 
persons investigated by Bird and Paterson completed the course 
which they had started. 


Some Characteristics of Learning 


The problems of industrial training may properly be con- 
sidered as a branch of educational psychology or the psychology 
of learning. A great many investigations dealing with the prob- 
lems of learning have been conducted; from these investigations 
a set of general principles, part of which are applicable to the 
industrial situation, has emerged. 


The learning curve 


Almost every psychological investigation of a learning activity 
results, among other things, in obtaining a learning curve. Such 


8C. Bird and D. G. Paterson, “Commercial Correspondence Courses and Occupa- 
tional Adjustments of Men,” Bulletin of the Employment Stabilization Research 
Institute, University of Minnesota, II (1934), 27 pp. 
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a learning curve for the operation of looping in the hosiery 
industry is reproduced in Figure 12 on page 16. Learning curves 
for the operations of trimming, covering, and hemming in the 
textile industry are reproduced in Figure 68 on page 187. 

The learning curve for a given operation shows at a glance 
the level of skill that has been reached by the average operator 
after a given period of training or experience on the job, Anyone 
who is responsible for the training of new employees on a 
specific job will find that a learning curve obtained from the 
records of previous employees is of considerable value. From 
such a curve he will be able to see immediately whether the 
progress of an operator is up to standard and, if not, how far 
the performance is below standard at any time in the instruc- 
tional period. He will also be able to detect immediately 
whether an employee is maintaining his former level in com- 
parison with the standard curve or is gaining or losing in com- 
parison with other employees. In short, he will have a basis of 
comparison by means of which he can evaluate the effectiveness 
of his own instruction and the effectiveness of the learning that 
is taking place in the new employees. If an employee falls 
below the curve by a significant amount, and, in spite of every 
effort of the employee or the instructor to remedy the situation, 
continues to lose ground in comparison with the curve for the 
average, it is possible that the employee should be transferred 
to some other job before too much time and effort have been 
wasted in training him. It is even desirable, in some instances, 
to supply each new employee with a copy of the learning curve 
for the job and allow him to plot his own curve on the same 
chart, thus giving a graphic record of progress from day to day 
or week to week. 

It should not be inferred from the foregoing discussion that 
there is any generalized form of learning curve that can be 
reduced to a mathematical equation and that applies to all 
learning situations. Many factors determine the form of a 
learning curve, and these factors vary greatly from one situation 
to another. Since one of these factors is the method of training, 
it is not uncommon to find different learning curves for the 
same industrial operation when different methods are involved. 
Indeed, a comparison of the resultant learning curves for dif- 
ferent methods of training is an excellent way to compare the 
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effectiveness of the methods. But with the various factors, such 
as method of training, held as constant as possible a reasonably 
standardized curve results for a given operation for the average 
person. It is this learning curve that the job trainer should have 
available if he is to evaluate adequately the effectiveness of his 
instruction and the progress of the trainees who are under his 
supervision. 


The plateau 


(In learning any complex task it often happens that, after a 
certain level of efficiency has been attained, a period of time 
arrives in which little or no improvement takes place. This 
period is followed by a later increase in skill. The period during ; , — 
which no apparent improvement occurs is known as a plateau.) ’ 
Plateaus are not always present in the learning curves for 
industrial operations, and when they are present it is sometimes 
possible to eliminate them by changed or improved methods of 
instruction. No matter what method of instruction may be in 
use, however, arrival at a plateau in the learning process often is 
characteristic of the average learner’s performance. 

A typical example of a plateau in a learning curve is shown 
in Figure 12 on page 16. We do not need to concern ourselves — 
here with the cause of the plateau, although it might be men- 
tioned that a considerable amount of psychological investigation 
has been devoted to this subject and a number of experiments 
have been made which have identified certain factors that may 
result in a plateau. Ifa plateau is characteristic of the average 
learning curve of an industrial operation it is highly important 
for the job trainer who is supervising this training to be aware 
of the situation. Without such knowledge he may feel that his 
training is inadequate, that the trainees have lost interest or 
that they have reached the maximum level of which they are 
capable and therefore need no further training, or that many of 
the employees should be shifted off the job because they are 
unable to reach the level of production achieved by experienced 
operators. If, on the other hand, he is aware of the existence of 
the plateau, he will continue his instruction, encourage the 
trainees to stay with the job until the end of the plateau is 


9 W. H. Batson, “Acquisition of Skill,’ Psychological Monographs, XXI (1916), 
pp. 1-92: 
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reached, and hold in abeyance his final judgment of the trainees’ 
ability until they have had an opportunity to benefit from the 
final spurt in production that is certain to follow the plateau if 
the training is continued. 

By analyzing the activities occurring during the plateau 
period it is often possible to modify the training program so that 
the plateau may be partially or entirely eliminated. Whether or 
not the job trainer is able to achieve this result, his knowledge 
of the existence of the plateau, together with his awareness of 
the fact that this situation is by no means uncommon in the 
learning of industrial tasks, will enable him to cope with the 
situation in a more intelligent manner and to help tide the 
employees over a period that, at best, is likely to involve a 
certain amount of discouragement. 


_ Knowledge of results 


One way in which training may be, and often has been, given 
is briefly to explain the work to the new employees and then to 
“turn them loose,’ so to speak, to perform the job without 
systematic or adequate check-up on the quality of their work. 
Another method is to follow the initial instruction period by 
frequent and systematic study of job performance and to provide 
a means for informing the trainees or new employees in exactly 
what respects they are doing the job correctly or incorrectly. 
Both experience and experiment have shown that the former 
method of training individuals in any new task results in a 
considerably lower level of job performance than the latter 
method. This principle was first pointed out in connection with 
the learning of arithmetic among school children. Panlasigui and 
Knight *° found that if children are consistently informed of all 
errors made in arithmetic they show a significantly more rapid 
improvement in learning the arithmetic computations involved 
than if they are given exactly the same sets of drills and are not 
provided with a “knowledge of results.” Book and Norvell ” 
found the same principle operating in the learning of mental 


107. Panlasigui and F. B. Knight, “The Effect of Awareness of Success or 
Failure,” Twenty-Ninth Yearbook of the National Society for the Study of 
Education, Part II (1930), pp. 611-619. 

11W. F. Book and L. Norvell, “The Will to Learn,’ Pedagogical Seminary, 
XXIX (1922), pp. 305-362. 
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multiplication. In their experiments the persons in the experi- 
mental group watched the record of their progress and attempted 
at each practice to make a higher score than the score made 
previously. Persons in the other, or control group, were not 
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Fic. 71—How knowledge of results affects performance in learning a new task. 


informed of their progress. These results are summarized 
graphically in Figure 71. After the tenth practice period, the 
conditions were reversed so that the persons formerly receiving 
knowledge of results were no longer informed of progress. The 
persons formerly uninformed of accuracy were now given infor- 
mation as to their progress. The curves in Figure 71 show that 
immediately after the tenth practice the groups changed their 
relative standing. ‘The group that was given knowledge of 
results forged rapidly ahead of the other group. 

One need not look long in industry to find situations parallel 
to this experiment. In the investigation of inspeetors summa- 
rized in Chapter 10 the accuracy of many inspectors was found 
to be significantly below that of which they were capable and 
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also below the level of accuracy required for satisfactory job 
performance. It was found that the level of accuracy char- 
acteristic of many employees in this department was traceable 
to the training procedure that had been followed prior to this 
experimental work. ‘The former training method consisted in 
placing each new operator between two older operators who were 
asked to instruct the new employee in the details of the job. 
Since each of the older employees had a definite amount of 
work to perform during the day it was only natural that they 
should spend little if any time in training the new employee. | 
Indeed, it was found in many instances that the older employees 
resented this additional training load and as a result did not — 
give the new employee adequate training in the details of the 
inspection job. This method of training resulted in a lack of 
standardization of inspection practice among the employees and 
many of the inspectors were overlooking certain defects that 
they were able to detect but which they had not been trained 
to observe. The new training program instituted in this depart- 
ment included the assignment of specific job trainers to the 
task of teaching new employees so that they would be able to 
develop satisfactory standards of performance without guessing 
at which sheets were satisfactory and which were defective. 

The general principle of job training is that new employees 


will improve very slowly—if, indeed, they improve at all— 


unless they are provided with systematic and accurate informa- 
tion on the quality of their work. Provision for furnishing new 
employees with definite knowledge of results should be an 
integral part of any training program. 


Motivation 


Ordinarily speaking, people will not learn very much about 
anything unless they are motivated to do so, that is unless they 
are supplied with an adequate incentive. Incentives in industry 
are usually considered under two general heads:~-financial and 
nonfinancial, Under financial incentives are considered those 


‘that pertain to methods of wage payment, such as an hourly 


rate versus some form of piece work. One of the major problems 
in industrial management is that of deciding upon a wage 
payment plan that will result in a satisfactory level of job 
performance and at the same time will be considered by the 


\ 
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employees to be a fair plan. If the plan in use does not place 
a proper premium upon high production, it often happens that 
the employees never bother to learn the skill required for a 
very high level of job performance. 

A typical example of this situation is furnished in a study 
by Kitson.” Kitson examined the production records of 40 
hand compositors whose experience ranged from one to twenty- 
seven years with an average of eight years. The average output 
of these employees was 55 units for a week of work on a scale 
of efficiency established by time studies. An incentive system 
of wage payment was installed which permitted the employees 
to earn a bonus for production over the previous average 
amount. Within five months these employees were averaging 
97 units on the scale and at the end of a year the average output 
had reached 103 units. This experiment made it clear that the 
previous method of wage payment did not provide sufficient 
motivation for these employees to learn the skill necessary for 
high production, even though they had been on the job a number 
of years. 

Incentives are not limited to financial incentives. A number 
of investigators of this subject, for example Lee ** and Miles,“ 
have stressed the fact that such factors as recognition of good 
work, a fair system of promotion, and job security all lead to an 
attitude of mind on the part of the employee that helps develop. 
a desire to learn the job well and to turn in a satisfactory per- 
formance on the job. 

Another aspect of motivation upon which the evidence is 
reasonably clear and convincing is the relative desirability of 
rewards and punishments. Translated into industrial terms, 
this question raises the issue as to whether a new employee will 
learn faster and better if he is complimented for all good job 
performance or if he is criticized for all poor job performance. 
Since any new employee will do some things correctly and other 
things incorrectly, it is quite possible to use either or both of 


12H. D. Kitson, “Extra Incentive Wage Plans from a Psychological Viewpoint,” 
Bulletin American Management Association, Production Executive Series, No. IX 
(1925), p. 7. 

13 C. A. Lee, “Some Notes on Incentives in Industry,’ The Human Factor, VI 
(1932), pp. 180-186. 

14G. H. Miles, “Effectiveness of Labour Incentives,” The Human Factor, VI 
(1932), pp. 53-58. 
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these methods while he is learning the job. Judging from a 
number of related investigations in the field of experimental 
psychology, it seems clear that praising satisfactory performance 
is the more desirable method to follow.” Modern industrial 
practice has largely adopted this point of view, primarily because _ 
it results in more satisfactory industrial relations.** It is inter- 
esting and fortunate that experimental studies in. psychology 
substantiate this judgment for the quite different reason that 
praise is superior to criticism as a means of inducing the em- 
ployee to learn. 


Attention to specific features of the job 


All but the simplest of industrial jobs require several different 
types of skill or ability. The stenographer must be able not 
only to take shorthand but also to use a typewriter. The 
inspector is often required to spot certain defects of appearance 
visually, other defects by weight or feel, and perhaps still other 
defects by means of readings taken from special instruments. 
It often happens that the several aspects of a job are sufficiently 
independent of each other to necessitate the giving of special 
training for each. Reference to Table X XVII on page 270 shows 
that the intercorrelations between accuracy of inspectors in 
detecting different kinds of defects are in general quite low. 
This means that the inspectors who are best. in detecting certain 
defects are not necessarily better than average in detecting 
other defects. To learn an inspection job efficiently new in- 
spectors cannot simply be told to “throw out the defective 
material.” They must be given specific instruction in the 
nature of the defects and taught what to look for in each specific 
case. Training must be specific and to the point instead of 
haphazard and general. 


Transfer of training 


Does training on one industrial job transfer to another job? 
Will an employee who has been thoroughly trained in one 
operation be easier to train in a new operation than an employee 


15K, L, Thorndike, “Effects of Punishment and Reward” (University of 
Chicago Press, 1932). 

16 J, J. Jackson, “Reprimanding Employees,” Personnel Journal, XTX (1941), 
pp. 73-80. 


TRAINING OF INDUSTRIAL EMPLOYEES 215 


who has not had this previous training? These questions have 
stimulated a great deal of investigation by psychologists. At 
one time it was felt (with little or no experimental evidence to 
support the viewpoint) that training would develop certain 
general “powers” or “faculties” so that a person trained in one 
kind of activity would be more able to do many other kinds of 
activities in which these faculties might be used. It was felt 
that the memorizing of Latin verbs and conjugations would 
improve one’s memory so that he would be better able to 
memorize insurance premium tables or grocery price lists. In 
industrial terms, training in the operation of one machine, it 
was felt, would improve an employee in ability to operate some 
other machine with which he had had no direct experience. 

This notion—the wholesale transfer of training—has been 
subjected to a great deal of experimental work beginning with 
that of Thorndike and Woodworth. ‘The conclusion reached 
by these early investigators—and substantiated by several more 
recent studies—is that the amount of transfer from one skill or 
mental function to another is far less than was formerly be- 
lieved. Indeed, Thorndike ** has concluded that transfer in a 
general way does not occur at all and that what is often regarded 
as transfer is simply due to identical elements in the two Jobs 
under consideration. These identical elements may be activities 
(usually manipulative activities in industry) or methods. of 
work. An example of the former would be any routine assembly 
operation that is identical with the operation in some other 
assembly job. An example of the latter would be the methods 
of laying out work that would be similar from one job to another 
in the activities of a motion study or layout man. 

The conclusion to be kept in mind is that supervisors should 
not expect more transfer to occur than can be expected in terms 
of definite similarities in the jobs. Because an employee has 
been able to learn and successfully perform one job is no 
guarantee that he will do as well on some unrelated job. On a 
second job he may succeed or he may fail, but his performance 


17K, L. Thorndike and R. 8. Woodworth, “The Influence of Improvement in 
One Mental Function upon Efficiency of Other Functions,” Psychological Review, 
VIII (1901), pp. 247-261, 384-385, 553-564. 

18K. L. Thorndike, “Mental Discipline in High School Studies,” Journal of 
Educational Psychology, XV (1924), pp. 1-22, 83-98. 
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is neither limited nor determined by his performance on the 
first. job. m3 

This principle is recognized by many supervisors and per- 
sonnel men. The frequent shifting of an employee from job 
to job until one is found that he can perform satisfactorily 
indicates that the success of an employee on one job does not 
necessarily indicate his success on another. 


Negative transfer or interference 


If the individual who has taught himself the “hunt and peck” 
system on a typewriter decides to learn the touch system, he 
must give up the use of all, or most, of the habits he has already 
formed. It is usually as difficult to break old habits as to learn 
new ones, and sometimes much more difficult. Thus, one who 
has thoroughly learned the wrong way to do a thing before he is 
taught the right way has the double task of unlearning old 
methods and learning new ones. 

} ( Unlearning errors is a most wasteful form of learning.” It 
is not surprising, therefore, to find experiments showing that 
| when learners have previously been taught one method of doing 
_a task, they have more difficulty in learning a new method than 
do learners who have had no previous experience on the job at 
all. This principle is known as negative transfer, interference, 
or inhibition. / Its application to the industrial situation suggests 
that the time to teach employees the correct way to do a job is 
when they are placed on the job, not after they have had a few 
days or weeks of experience in learning incorrect methods. 


19 E, L. Thorndike, E. O. Bregman, J. W. Tilton, and E. Woodyard, Adult 
Learning (The Macmillan Company, 1928), p. 183. 


8 
Work, Fatigue, and Efficiency 


CAREFUL consideration of employee aptitude before placing 
men upon a job followed by a thorough program of training 
employees on the job will go far toward achieving—but will 
not guarantee—a satisfactory level of job performance. Other 
factors besides employee aptitude and training may operate 
to prevent production from reaching the expected level; and 
in some cases a proper consideration of these other factors may 
result in fairly satisfactory production even when little specific 
attention has been given to employee placement and job train- 
ing. These other factors have been classified in different ways. 
They may properly be thought of as related to employee effi- 
ciency, job performance, effort expended, or fatigue. 

The present discussion will be primarily concerned with the 
relation of various factors to industrial fatigue. This point of 
view requires that a definition of industrial fatigue be given and 
a comparison made between the industrial definition of fatigue 
and other meanings of this term that are in common use. 


The Nature of Fatigue 


At least three conceptions of the term fatigue are important 
to our discussion. These are (1) physiological fatigue, (2) 


Physiological fatigue 

It may be readily demonstrated by simple physiological ex- 
periments that a muscle undergoing a simple rhythmic con- 
traction gradually loses its ability to make the contraction. 
Thus, if one squeezes a coiled spring at intervals of two seconds 
he will find that his squeezes become less and less powerful until 
finally, if the task is maintained for sufficient time, only very 
small changes, or no changes at all, in the spring can be noticed. 
The energy used in the execution of a task of this sort, or any 
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muscular task, comes from potential energy that is stored in 
chemical form in the muscles. As this energy is expended, the 
muscles become less and less able to perform their task. This 
reduction in potential energy available in the muscles may be 
thought of as physiological fatigue. Starling’ has stated that 
the phenomena of fatigue, from this point of view, probably 
depend upon two factors, namely, the consumption of the con-. 
tractile material or the substances available for the supply of 
potential energy to this material, and the accumulation of waste 
products of contraction. These waste products may be thought 
of as the chemical result of the muscular activity. Among them . 
lactic acid is probably of great importance, because it is known — 
that fatigue may be artificially induced in a muscle by feeding 
the muscle with a dilute solution of lactic acid. 

To the physiologist, then, fatigue is primarily a matter of 
chemical changes in the muscle itself or the potentiat energy 
available for the muscular contraction. It should be kept in 
mind that this conception, in and of itself, does not involve a 
feeling of tiredness on the part of the subject, nor an immediate 
reduction in the amount of work he is able to do if he is not 
attempting to do a degree of work that requires more enenEy 
than is available at the time. 


Psychological fatigue 

Entirely aside from the physiological changes occurring in 
fatigue, it is a matter of common experience that with a repeti- 
tion of certain tasks one becomes “bored,” “uninterested,” and 
in other ways manifests a lessening desire to continue the per- 
formance. Or one may simply have feelings of tiredness accom- 
panied by a desire to do something else “for.a change.” From 
this point of view, fatigue may be looked upon as the feeling 
of boredom that often accompanies continued application to 
any given task. : 

For one speculating upon the subject. of fatigue, it is a 
temptation to look upon these two aspects of the phenomenon— 
the physiological and the psychological—as different aspects of 
the same fundamental change. According to this point of view, 
feelings of boredom and _ tiredness occur’ in proportion as 


1K. H. Starling, Principles of Human Physiology, third edition (Lea and 
Febiger, Philadelphia, 1920), p. 209. 
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physiological changes in the muscle have taken place; and vice 
versa, actual changes in the physiological composition of the 
muscles have taken place to the extent that feelings of tiredness 
or boredom are experienced by the subject. 

_ If this simple relation were true, the problems of fatigue ad 
its elimination would be greatly simplified. Unfortunately, 
numerous physiological and psychological experiments have 
shown that no such simple relationship exists. Indeed, it is 
necessary to look only at one’s own experiences to understand 
that exceptions to such a relationship are by no means uncom- 
mon. Anyone who has driven a car a very long distance to a 
vacation resort knows that interest in reaching the resort is 
often maintained long after the body, from the physiological 
viewpoint, would rather sleep. And everyone who has had a 
routine, uninteresting, manipulative job to do knows that - 
feelings of boredom often become prominent long before an 
excessive amount of work in the physiological sense has been 
performed. 

We are thus presented with two contrasting, and in many 
cases unrelated, conceptions of the term fatigue. Because of 
the great importance of fatigue among industrial employees and 
the necessity of discovering ways of reducing or eliminating it, 
. the industrial psychologist has been forced to accept a still 
different definition, a definition that is concerned primarily 
with the production or output of the employees. 


Industrial fatigue 


Fatigue is important in industry not to the extent that it 
involves physiological changes in the muscles, or feelings of 
boredom on the part of the employees, but, rather, to the extent 
that it involves on a long or a short term basis a reduction in the 
employee’s efficiency on the job. Various measures of employee 
efficiency have been proposed and used for different purposes 
but, everything considered, the most satisfactory measurement 
for most purposes is production. The industrialist, therefore, 
defines fatigue as whatever changes occur as a result of work 
that result in decreased employee production. This does not 
mean that the industrialist is uninterested in the physiological — 
causes of fatigue nor in the accompanying feelings of boredom. 
Rather it means that unless these changes result eventually in 
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reduced output, on either a long or a short time basis, he cannot 
justifiably give very much attention to them. The problems of 
industrial fatigue, therefore, become essentially problems of 
determining what such factors as conditions of work, posture, 
hours of work, or nutrition, contribute toward the maintenance’ 
of proper production, and what factors result in, or are accom- 
panied by, an undue reduction of employee output. -Vernon ’ 
has defined industrial fatigue as “the sum of the results of 
activities which show themselves in a diminished capacity for 
doing work.” Since this definition of fatigue has been found to 
be most satisfactory in industry, it is the definition that we 
shall follow. 

An acceptance of this definition for industrial purposes does 
not mean that the physiological or psychological definitions are 
not of definite value. Rather it means that the industrialist is 
interested in fatigue in these latter senses only to the extent 
that it results in lowered production. But, just as the physio- 
logical and psychological definitions of fatigue do not always 
agree with each other, so also the industrial definition does not 
always agree with either of these two. For example, Arps ?* has 
pointed out that a production curve can be maintained at a 
fairly high and constant level if incentives are sufficiently strong 
even though physiological changes indicate a great or even 
unwise expenditure of energy. Of course, management is seldom 
interested in maintaining production by an expenditure of 
energy that will result in lowered output from a long-time view- 
point. But here again the final criterion as to whether fatigue 
is really present in the industrial sense is not whether physio- 
logical evidences of fatigue can be observed at the time but 
whether any reduction in output can be noticed, either at the 
_ time or in the future, as a result of the activity. 


Factors Related to Industrial Fatigue 
Illumination 


In a number of investigations, such as those reported on page 


2H. M. Vernon, “Industrial Fatigue in Relation to Atmospheric Conditions,” 
Physiological Reviews, VIII (1928), pp. 130-150. 

3G. F. Arps, “A Preliminary Report of ‘Work with Knowledge versus Work 
without Knowledge of Results,” Psychological Review, XXIV (191%); Dp: 
449-455. | 
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136, it has been found that an employee’s job performance is 
related to his visual acuity at the work distance. Visual acuity, 
however, is dependent not only upon the visual mechanism of 
the employee but also upon the illumination under which the 
work is done. The relation between visual acuity and illumina- 
tion has been plotted by Troland * according to data published 


by Konig.’ The results plotted by Troland show that acuity In- 


creases over a considerable range of variation of intensity in 
almost direct proportion to the amount of illumination. These 
results suggest that employees on certain types of industrial 
work should be provided with sufficient illumination to insure a 
' satisfactory level of visual acuity. Wetzel ® has pointed out that 
gains in visual acuity are very perceptible up to about 40 foot 
candles. A thorough study of the effects of different systems of 
lighting upon output and accuracy of employees engaged in fine 
work has been published by Weston and Taylor.” The effect of 
various degrees of illumination upon the output of employees 
can readily be studied by means of control experiments in which 
illumination is varied and the production measured under vary- 
ing conditions. Such experiments often make it possible to 
increase production by an amount that is worth many times the 
cost of the extra light. | 


Visual adaptability to the job 


Experiments summarized in Chapter 6 on page 162 show that 
output of employees on certain types of close work can ‘be defi- 
nitely increased either (1) by placing on the job only employees 
who are visually adapted to it or (2) by adapting the employees 
to the job by means of special occupational spectacles. These ex- 
periments may properly be considered as experiments in the re- 
duction of visual fatigue. Indeed, some of the early workers ® 


4L, T. Troland, “The Principles of Psychophysiology, Sensation, II (D. Van 
Nostrand, New York, 1930), p. 86. 

5A. Konig, “Abhangigkeit der Sehschéirfe von der Beleuchtungsintensitat,” 
Sitzungsber. der Akad. der Wiss., Berlin, Bd. XIII (1897), pp. 559-575. 

6M. Wetzel, “L’eclairage dans lindustrie,” Recherches et inventions, VIII 
(1927), -pp. 81595. 

7H. C. Weston and A. K. Taylor, “The Effect of Different Systems on Output 
and Accuracy in Fine Work,” Joint Report of the Industrial Fatigue Research 
Board and the Illumination Research Committee (H. M. Stationery Office, London, 
1928). 

8 See footnote 20, page 160. 


222 WORK, FATIGUE, AND EFFICIENCY 


on this subject have considered their work primarily in the field 
of fatigue. The experiments summarized on page 162 will not 
be discussed here, but it should be emphasized that the proper 
allocation of employees according to their visual qualifications is 
one method of eliminating or markedly reducing visual fatigue. 
Such reduction often results in an increase or maintenance of 
satisfactory production. 


Temperature and ventilation 


The effect of varying temperature upon employee efficiency 
has not been accurately determined for all types of work, due 
partly to the fact that the temperature of the atmosphere, or 
what is ordinarily known as dry-bulb temperature, seldom varies 
alone. Almost always when atmospheric temperature varies, 
other conditions, such as humidity and the amount of radiated 
heat, do not remain constant. However, in spite of the difficulty 
of controlling conditions, a few studies have shown that tem- 
perature is related to employee efficiency. For example, Vernon, 
Bedford, and Warner ® found that when temperature was below 
70 degrees, only 3 per cent of the time was lost as a result of em- 
ployee sickness; when temperatures were from 70 to 79.9 de- 
grees, 4.5 per cent of the time was lost; and when temperatures | 
were 80 degrees or more, 4.9 per cent of time was lost as a result 
of sickness. These findings indicate that the optimal temperature 
is below 70 degrees. In another investigation Yagloglou 
found that “the optimum temperature for individuals at rest, or 
otherwise engaged in light activities in still air and normally 
clothed” was 64.5 degrees effective temperature. These findings 
suggest that care should be taken to insure temperature condi- 
tions that are not excessively high. Some industries have found 
that the installation of air-conditioning equipment is a sound 
investment from the point of view of increased. employee pro- 
ductivity. 

Although proper ventilation has been found to be more 
dependent upon circulation of the air than the continual intro- 


9H. M. Vernon, T. Bedford, and C. G. Warner, “A Study of Absenteeism in a 
Group of Ten Collieries,” Industrial Fatigue Research Board, Report No. 51 
(1928). 

10C. P. Yagloglou, “Modern Ventilation Principles and Their Application to 
Sedentary and Industrial Life,” Journal of Personnel Research, TIT (1925), pp. 


375-396. 
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duction of fresh air, ventilation has also been found to be of 
considerable importance. Wyatt, Fraser, and Stock ** report an 
experiment in*which suitably placed fans were operated on al- 
ternate working days over a period of six weeks during the sum- 
mer. Their experiments show that when the air is circulated by 
the fans the production of the employees is significantly higher 
than when no provision is made for circulating the air. Bed- 
ford” has pointed out that the sensations of warmth that one 
experiences depend upon air temperature, air movement, air 
humidity, and radiation. All of these factors must be considered 
In insuring optimum conditions for work. 


Noise 


A great deal has been written concerning the effect: of noise 
upon employee efficiency and fatigue. Often the elimination of 
noise has been recommended on the grounds that employee ef- 
ficiency will be greatly improved. Indeed, several experiments, 
such as the one reported by Scheidt,’* have shown that noise- 
proofing the workroom or putting employees in individual 
booths will improve the quality of their work. To the practical 
industrialist, however, the elimination of noise presents a se- 
rious problem. One can hardly imagine a steel mill in which 
noise has been eliminated or even very much reduced. In steel, 
as in heavy industry in general, noise can seldom be avoided. 
Therefore, even though it is true that fatigue may be lessened 
by reducing noise, we will not suggest such reduction as a prac- 
tical method of eliminating fatigue in all situations. Too often 
it is impossible to reduce the noise. It should be kept in mind, 
however, that when a high noise level is present, employee ef- 
ficiency may be affected and that it is often possible to recapture 
some of the lost efficiency by introducing certain other controls 
in the form of nourishment, rest pauses, or certain favorable 
work methods. 


118. Wyatt, F. A. Fraser, and F. G. L. Stock, “Fan Ventilation in a Humid 
Weaving Shed,” Industrial Fatigue Research Board, Report No. 37 (London, 
1926). 

12T, Bedford, “Requirements for Satisfactory Ventilation and Heating,” 
The Human Factor, X (London, 1936), pp. 246-254. 

13 V. P. Scheidt, “The Effect of Various Modifications on the Worker,” Kalenda, 
XVI (1937), pp. 3-4. 
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Nourishment 


The energy one expends in work comes from the food he eats. 
Without food, or with food that is insufficient either in quality 
or amount, one soon loses the ability to withstand physical ex- 
ertion. Too often the relation between the price of food and its 
nourishment or energy value is none too high. Some industries 
have found that a program of employee education dealing with 
types, caloric values, and vitamin and mineral content of food, 
and, in general, how to get the most value for one’s food dollar, 
has been of value in improving the diet of employees. A few 
industries have found that giving extra meals on the job is 
worth while in terms of increased employee efficiency. Hag- 
gard ** reports that when two extra meals were given, output 
rose 10 per cent and the workers reported feeling less tired in 
spite of their greater output. It has also been reported * that 
drinking a one per cent salt solution is effective in reducing in- 
dustrial fatigue. ; 


Hours of work 


During the past fifty years the trend toward a reduced number 
of hours in the working week as well as a shortened working day 
has been fairly constant. This change has been due partly to 
the feeling of labor that life should not be “all work and no 
play,” but it has been also due in no small measure to an in- 
creased recognition by management that employees do not reach 
their greatest efficiency when the number of working hours is 
excessive. Many experiments have been conducted to determine 
the relation between the hours of work and employee produc- 
tion. The reduction in hours of work has been largely justified 
by these experiments. Miles and Angles ** report that when the 
hours of work in a plant manufacturing boxes were reduced from 
48 to 36 per week the average hourly output increased from 
793.5 to 834.0 units of production. In another experiment 


144W. W. Haggard, “Work and Fatigue,” Mechanical Engineering, LVIII 
(1936), pp. 298-301. 

15 A. B, Dill, A. V. Bock, H. T. Edwards, and P. H. Kennedy, “Industrial Fa- 
tigue,” Journal of Industrial Hygiene, XVIII (1936), pp. 417-431. 

16G. H. Miles and A. Angles, “The Influence of Short Time on Speed of Pro- 
duction, II,” Journal of the National Institute of Industrial Psychology, I 
(1925), pp. 300-302. 

17C, 8. Myers, Mind and Work (Putnam, London, 1921). 
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dealing with women engaged in the work of turning fuse bodies, 
a 68 per cent increase of hourly output and an increase of 16 
per cent in total production followed a reduction from 66 to 48.6 
in the number of hours worked per week. The general conclu- 
sion suggested by these and similar studies is that employee fa- 
tigue is lessened and output correspondingly increased if the 
number of working hours per week does not much exceed 40. 

Of course, during a period of emergency production, it is not 
always possible to achieve maximum efficiency by means of a 
short working week. At such times it is often necessary to get 
out maximum production even though by so doing maximum 
efficiency, from the long-time viewpoint, may be sacrified to 
some extent. But even during a period of maximum production 
the question may be raised as to whether real gain can be 
achieved by excessive lengthening of work hours.: Ivy *® has 
recently suggested that from the physiological viewpoint we 
will sacrifice rather than gain, even in terms of short-term pro- 
duction, by increasing the hours of work beyond 56 hours per 
week for men or 48 hours per week for women. 


Rest pauses 


A great many investigations on the effect of rest pauses have 
been conducted. These studies have considered employees on 
both heavy and light work, and employees paid under a straight 
hourly rate as well as employees paid under a wage incentive. 
plan. In this field, the work of Vernon” and his associates is 
outstanding. Their studies have shown that rest pauses usually 
lessen fatigue and increase production in spite of the fact that 
the rest pause results in some reduction of the actual working 
time. Typical curves showing the production for a group of em- 
ployees before and after the introduction of rest periods are 
shown in Figure 72. These curves are based upon the work of 
Farmer and Bevington.” 

We will not attempt a generalization as to how long rest pe- 


18 A, C. Ivy, “The Physiology of Work” (Fourth Annual Congress on Industrial 
Health, Chicago, January, 1942). 

19H. M. Vernon, “Industrial Fatigue and Efficiency” (Dutton, New York, 
1921). 

20K. Farmer and 8S. M. Bevington, “An Experiment in the Introduction of 
Rest-Pauses,”’ Journal of the National Institute of Industrial Psychology, I 
(1922), pp. 89-92. 
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riods should be for any given industry, or how frequently they 
should be allowed during the day. Both the duration and the 
number of rest periods necessarily vary with such factors as the 
nature of the work, the effect of a temporary stoppage upon the 
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Fic. 72—Effect of rest pauses on production for a typical industrial job. 


flow of production, and the availability of suitable rest rooms or 
other places in which the employees can relax. The duration of 
rest periods that have proved beneficial has varied from two 
minutes to fifteen minutes under different conditions, and the 
number of rest periods during the day has varied from one to 
five or even more. An excellent summary of representative 
studies in this field has been given by Viteles ** and will not be 
repeated here. Anyone who wishes to consider the introduction 
of rest pauses for an industrial job should make a careful study 
of the literature to find an experiment in which rest pauses have 
been introduced on a similar job. It is sufficient to say here that 
such a study will almost certainly show the effect of rest. pauses 
on a similar job and will point the way toward the type of rest 
pause or pauses that may profitably be introduced. In practi- 
cally every investigation of this subject, some form or type of 
rest pause or pauses has been found to be worth while both from 
the point of view of employee comfort as well as that of in- 
creased production. 

In considering the introduction of systematic rest pauses, it 


21M. 8. Viteles, “Industrial Psychology” (W. W. Norton, New York, 1929), 
pp. 470-482. 
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should not be assumed that if no rest pauses are formally al- 
lowed the employees will not rest. Several investigations have 
shown that if formal rest pauses are not allowed, unauthorized 
rests will be taken by the employees to suit their own conven- 
ience.”? In some cases, such unauthorized rests are as effective 
in increasing production and allaying fatigue as rest pauses that 
are officially and formally allowed by management. But in 
other cases, employees who decide upon their own rest periods 
may do so in an ineffective manner, or may inconvenience the 
production schedule by resting at the wrong time. In general, 
it is a more satisfactory procedure for management to decide 
upon the proper amount and distribution of rest periods and 
then formally to allow those rests. Just as a man left to learn 
a job by himself may, and often does, adopt an inefficient and 
cumbersome way of performing the job (see page 275), so an 
employee left to decide upon optimal rest. pauses for himself will 
not always adopt rest pauses that are of maximum value either 
to himself or to departmental production. 


Work methods 


If an individual has a pile of rocks to move from one location 
to another he can do the work with less physical fatigue by 
using a wheelbarrow than by carrying the rocks one at a time in 
his hands. This simple fact indicates the almost unlimited pos- 
sibilities of fatigue reduction by making use of proper work 
methods. Gilbreth ?* was able to demonstrate more than thirty 
years ago that the work of the average bricklayer can be ‘in- 
creased from 120 bricks per hour to 350 bricks per hour by fol- 
lowing a more economical pattern of movement. This early 
study with its concrete results pointed the way toward an ap- 
plication of this principle—the lessening of fatigue by improved 
work methods—in a wide variety of industrial jobs. Motion 
economy has become so important a part of industrial manage- 
ment that every large industry—and many small ones—employ 
one or more industrial engineers whose major work is concerned 
with work layout and methods. The proper arrangement. of 
work has been found not only to result in greater efficiency and 


22R. B. Hersey, “Rests—Authorized and Unauthorized,” Journal of Personnel 
Research, IV (1925), pp. 37-45. 
23K. B. Gilbreth, “Bricklaying System” (M. C. Clark, New York, 1909). 
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production but also in some cases, as in the work reported by | 
Crowden,”* to result in temporary rests during the normal work 
cycle that provide the worker with almost all the advantages of 
rest pauses. 


Financial incentives 


People seldom do something for nothing. No one—whether 
employee or supervisor, executive or clerk, teacher or student— 
will achieve a very high level of performance on his job unless 
he is rewarded for doing so. Rewards may be financial pay- 
ments in proportion to the actual performance on the job, or 
they may be nonfinancial returns that are desired by the person 
concerned. With the rise of modern scientific management, in- 
dustry has devoted a great deal of attention to the subject. of 
financial incentives. Several basic systems have been worked 
out that operate to pay the employee in accordance with the 
quantity or quality of work done. The effect of changing a 
wage-payment plan from a straight hourly rate to some form of 
incentive system has been shown in many investigations and is 
well illustrated in a study reported by Kitson (see page 213), in 
which a marked increase in employee production was found to 
follow the installation of an incentive plan of wage payment. 

It should, of course, be kept in mind that too great a reward 
for high production may result in an unwise expenditure of en- 
ergy by the employees. An incentive plan that encourages 
employees to overdraw their physiological bank account of to- 
morrow because of large financial payment today is not a sound 
plan from the point of view of either employees or management. 
But in many cases, as illustrated by Kitson’s experiment, low 
production is due primarily to a lack of reward for high produc- 
tion. After the installation of an incentive plan the production 
was practically doubled and no unwise expenditure of physio- 
logical energy, either at the time or later, was indicated. The 
wage incentive plans used by industry may be administered so 
as to encourage high production up to a certain level and dis- 
courage production above that level if such production is likely 
to result in too great an expenditure of physiological energy. 


24G. P. Crowden, “The Physiological Cost of the Muscular Movements In- 
volved in Barrow Work,” Industrial Fatigue Research Board, Report No. 50 
(London, 1928). 
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Nonfinancial incentives 


Men want, and will work for, many things besides money. On 
pages 315 and 316 are listed a number of nonfinancial returns 
that men want from their jobs. It is becoming increasingly ap- 
parent to management that without these “other things’ no 
amount of financial reward, in and of itself, will result in com- 
plete job satisfaction. Nor will financial payment alone produce 
satisfactory job performance. Mailes*® has stressed the impor- 
tance of nonfinancial incentives, and Lee” has quite correctly 
pointed out that financial incentives are not, by themselves, suf- 
ficient to produce “the will to work.” The major things that 
employees want from their jobs, other than money, will be dis- 
cussed in some detail in Chapter 12. For the present we wish 
only to call attention to the fact that, as Dickinson * has sug- 
gested, nonfinancial incentives will reduce fatigue and increase 
production. 


Attitude and morale 


The importance of employee morale is so great that a later 
chapter will be devoted to this subject. Dissatisfied or dis- 
gruntled employees readily become bored with their jobs, “tire” 
of doing their work, and in many other ways show evidence of 
feelings and behavior that result in lowered output. The so- 
called “fatigue” of such employees is seldom due to excessive 
expenditure of physiological energy. Rather, it is due primarily 
to a basic dissatisfaction which, interestingly enough, can sel- 
dom or perhaps never be remedied by wage increases alone. 
Factors that are related to employee morale and suggestions for 
improving it are discussed in detail in Chapter 12. 


Mental abilities and other personality traits 


The “born salesman” quickly becomes dissatisfied if he is 
forced to work by himself on a job that permits little or no con- 
tact with other people. The inventive or ingenious employee 


25G, H. Miles, “Effectiveness of Labour Incentives,” The Human Factor, VI 
(1932), pp. 53-58. 

26C, A. Lee, “Some Notes on Incentives in Industry,” The Human Factor, VI 
(1932), pp. 180-186. 
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soon becomes bored with a job that involves only routine ma- 
nipulative assembly. It has been emphasized in Chapter 1 that 
the proper placement of employees consists basically in assign- 
ing each employee to a job that is neither above nor below his 
basic capacity and is in reasonable conformance to his basic in- 
terests. Definite evidence shows that when employees are not 
so placed they neither remain very long on the job (see page 
2) nor perform the job very well while they remain on it. 
(see page 58). Although such misplaced employees probably 
do not become unduly fatigued in the physiological sense, they 
do become fatigued in the psychological sense; and the results 
of this psychological or mental fatigue are just as serious in 
terms of reduced production or lack of attention to the job as 
would be the case if the employees actually became physically 
exhausted. Wyatt, Langdon, and Stock ** have emphasized the 
fact that boredom is associated with intelligence, inability to 
mechanize certain simple processes, and the desire for creative 
work. A typically bored worker is one who is on a job that is 
below his natural level of capacity and ability. To provide for 
the training of such employees for a job that involves responsi- 
bility commensurate with their capacity, and to arrange for their 
transfer to the new job when the training has been complete, is 
a clearcut responsibility of management. Such a policy of up- 
grading employees who have the capacity pays dividends both 
in terms of improved production of employees on the routine 
manipulative jobs and in terms of furnishing a valuable source 
of employees for supervisory and other responsible positions. 


288. Wyatt, J. N. Langdon, and F. G. L. Stock, “Fatigue and Boredom in 
Repetitive Work,” Report No. 77 (Industrial Health Research Board, London, 
1937)... 
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Industrial Merit Rating 


Meni rating is a systematic evaluation of an employee by his 
supervisor or by some other qualified person who is familiar 
with the employee’s performance on the job. Merit ratings are 
usually made by means of a standardized form that is adapted 
to the needs of the particular industry. Usually these ratings 
are made at periodic intervals. A merit rating thus becomes a 
permanent part of an employee’s record with a given company, 
and, at least in theory, is a part of the record that may be used 
by management in subsequent promotion, demotion, transfer, or 
layoff." 


The Growth of Merit Ratings 


A recent survey,’ which contacted 64 companies employing 
from 500 to more than 100,000 employees, reveals that merit rat- 
ing In some form is now in use by approximately one third of 
modern industrial establishments. Many factors may tend to 
increase still further the number of industries using a merit- 
rating system. Contracts that have been signed by management 
with labor organizations frequently contain a clause to the effect 
that an employee has a right to his job at the time of layoff in 
proportion to the amount of the employee’s seniority, if other 
things such as “job performance, skill, and ability” are equal. 
Such a clause in a labor contract necessarily involves some 
method of measuring or evaluating whether the “other things” 
are equal. Merit ratings have frequently been proposed as one 
means of meeting this situation. Whether, eventually, merit 
ratings or some other tool or technique of management will be 


1 An excellent summary of practice and experience in industrial merit ratings 
appears in “Employee Rating: Methods of Appraising Ability, Efficiency, and 
Potentialities,’ Studies in Personnel Policy, No. XXXIX (National Industrial 
Conference Board, New York, 1942). 

2R. B. Starr and R. J. Greenly, “Merit Rating Survey Findings,” Personnel 
Journal, XVII (1939), pp. 378-384. 
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adopted to meet this need, at present an ever-growing number 
of industries are making a serious attempt to solve the problem 
with merit ratings. Whatever may be the industrial future of 
this technique, and however keenly one may be aware of the 
criticism that may be leveled against many systems of rating 
now in use, it seems clear that merit rating is likely to remain a 
sufficiently important part of personnel administration for some 
time to come to justify our giving rather careful consideration to 
its discussion. 

One point should be made clear immediately: while the term 
“merit rating” is new, the rating of men by supervisors is by no 
means new. Such rating has been carried on as long as indus- 
try has been in anything like its present mass-production form. 
Supervisors have always rated men, and it is no doubt true that 
the ratings made in random, slipshod, and unsystematic fashion, 
unrecorded and undefended, have in the past been just as im- 
portant, if not more important, in determining whether-a given 
employee should hold his job as any rating made by means of a 
modern merit-rating chart. The changes that came with sys- 
tematic merit rating, then, were not changes that involved a 
making of ratings where none had existed before; rather they 
were changes that involved the transfer of ratings from hap- 
hazard, random, and frequently irresponsible judgments of su- 
pervisors made perhaps during the heat of a quarrel, to ratings 
made calmly, deliberately, systematically, and in a manner that 
made the ratings, if not completely comparable from one em- 
ployee to another, at least much more comparable than were 
the older, haphazard evaluations of employees by supervisors. 
The question, then, is not whether supervisors should rate their 
employees—this always has been and probably always will con- 
tinue to be done—but whether the use of a formal merit-rating 
system is likely to increase the value of such ratings both to 
management and employees. 


The Content of Merit-Rating Forms 


In any discussion of merit ratings, several questions pertain- 
ing to the appearance and content of the merit-rating form im- 
mediately come to mind. The charts used differ so much from 
one plant to another that it would be quite unwise or even im- 
possible to propose any single form that would be adapted to 
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the needs of all industrial organizations. The wide variety both 
in traits rated and in number of traits rated may be seen from 
an analysis of the merit-rating charts of 18 companies * as shown 
in Table XX. In this table the companies are referred to anony- 
mously by number across the top row of the table. The number 
of traits included varies from 21 in the case of Company 1, which 
is analyzed in the first column, down to four traits in the case of 
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the companies analyzed in the last two columns. The median 
number of traits used is ten; therefore, if any virtue lies in con- 
sidering the practice of the typical or average industry as indi- 
cating the correct practice to follow, ten traits would be the 
proper number to list in a merit-rating chart. Probably, how- 
ever, little virtue lies in attempting to fit a merit-rating chart 
to the average of a typical industry; it would, then, be better m 
any specific instance to adapt the chart to the industry intend- 
ing to use it than to make it conform to a given set of character- 
istics, however representative this set of characteristics ei be 
of industry in general. 
_ There is some reason to believe that with the increasing use of 
merit-rating charts the tendency will be to rate fewer traits 
rather than more. The primary reason for this belief is to be 
found in the existence of the “halo” effect, a phenomenon 
almost always found in psychological ratings. This effect will be 
discussed in detail on page 238. 

While it is not our purpose to present specific charts in use 
by industry for comment or criticism, one chart that has been 
found to function very satisfactorily in practice is illustrated in 
Figure 73. It is reproduced to clarify a number of principles 
that will be discussed later. 


Some Values of Merit Rating 


Regardless of a number of criticisms, statistical and otherwise, 
that may be directed against any merit-rating system—and 
which will be discussed on page 238—several values that are to 
_be obtained from such a system are becoming more and more 
recognized by industrial relations and employment managers. 

To obtain these values it is necessary that the results of the 
merit rating be made available through the proper channel to the 
employees who have been rated. Whether the “proper channel” 
should be the supervisor who made the rating, the superintendent 
of the department, a psychological counselor, or someone else, 
depends upon many factors. The experience of many industries 
has been that the employees should be informed of their ratings 
by some production man—either the foreman himself or the 
departmental head. However, production men often require 
special training before they are able to do this smoothly and ef- 
fectively. Strangely enough, many supervisors who are good 
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production men are perfect bunglers when discussing a man’s 
weak points face to face with the man. To do this successfully 
calls for tact, objectivity, and a sincere interest in helping the 
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DEPENDABILITY Consistently 
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Dependable in Ordinarily Frequently Consistently 
most respects dependable undependable undependable 
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Follows Instructions 
Judgment 
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Safety Habits C] 


COMPATIBILITY Inspires others Quick to Generally Seldom Does not 
Attitude Towards the Company to work with volunteer to works well works well work well with 
Attitude Towards Supervision and assist work with with and with or assists or assist 
Co-operation with Fellow- co-workers and assist others assists others others others 

Employees C] C] le Cl C] 


COMMENTS 


Fic. 73—A typical merit rating chart used in industry. 
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man as well as the business. Many industries have found it 
wise to devote an extended series of training conferences to 
teaching supervisors how to inform their men of weak spots 
without offending the men. When this result has been accom- 
plished and when a supervisor is able to talk face to face with his 
men about their weak as well as their strong points, a long step 
has been achieved toward solidarity in the working group and 
toward the upgrading of men who otherwise might, for lack of 
information, either remain exactly where they are or actually 
regress. _ 


Prevents grievances 


A merit-rating system stimulates supervisors to talk over with 
their men possible sources of grievance before serious problems 
have a chance to arise. It is not only sound psychology, but 
good common sense as well, to “nip in the bud” any situation 
that may cause friction between two people. Many such situa- 
tions are certain to arise in a working relationship as close as 
the one between employee and supervisor. Frankness on the 
part of the supervisor in making legitimate suggestions is fa- 
cilitated by a merit-rating system. The spirit of constructive 
criticism can begin with the construction of the rating scale. Slo- 
combe ° has suggested that foremen and men to be rated should 
work together in deciding upon the content of the merit-rating 
chart. Such co-operation makes everyone concerned with the 
merit rating become a partner in the enterprise and paves the 
way for an effective and serviceable use of the system. 


Improves job performance 


If an employee, either for lack of experience or lack of in- 
formation, continually performs his job in the wrong way, the 
supervisor will be doing both the employee and the company, 
as well as himself, a favor by bringing this matter to the 
employee's attention in the proper manner. However, unless a 
supervisor is required periodically to evaluate all of his em- 
ployees with regard to their ability in various directions, it is 
quite likely that many aspects of an employee’s performance 
that could easily be improved, and that the employee himself 


5 C. 8. Slocombe, “Psychology of Co-operation,” Personnel Journal, XVI (1938), 
pp. 325-332. 
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would like to improve if he were made aware of his shortcom- 
ings, will go on from day to day without correction on his part. 
To inform an employee of his strong and weak points is not 
only a reasonable and fair thing to do but is also good business 
for any management that is sincerely interested in having its 
employees perform their jobs in the best possible way. 


Increases analytical ability of supervisors 


It is very easy for a supervisor to judge a man as good or bad, 
strong or weak, desirable or undesirable, without asking himself 
the question, “Why have I judged this man in this particular 
way?” But when a supervisor asks himself the question, “Why 
is a certain employee unsatisfactory?” and when he is assisted in 
asking this question by a merit-rating chart that lists a number 
of characteristics in which the employee may be strong or weak, 
it is often possible to identify immediately a particular weakness 
that accounts for all, or nearly all, of the employee’s undesira- 
bility upon a certain job. Perhaps the employee is on a job for 
which he does not have the necessary dexterity, strength, or 
adaptability. When one has determined why an employee is 
unsatisfactory on a certain job it is often possible to shift that 
individual to some other type of job for which he is more 
adapted and on which his performance will be more acceptable. 
A merit-rating chart increases the supervisor’s consciousness of 
the need for such analysis of his employees. 


Assists management in promotion, demotion, 
and transfer problems 


Another value of merit ratings is that they help to supply an 
adequate basis for promotion, demotion, and transfer. In any 
large industry it 1s necessary to make changes of this type. 
Often such changes must be made quickly in order to take care 
of new business or to adapt the personnel of a plant to tech- 
nological changes. A systematic and periodic record of an 
employee’s rating while he has been on various jobs in the or- 
ganization greatly simplifies the shifting made necessary by re- 
quirements of promotion, demotion, and transfer. | 


Reveals areas where training is needed 


A fifth value of merit rating that is becoming more and more 


238 INDUSTRIAL MERIT RATING 


apparent with the growth of industrial “in-service” training 1s 
the manner in which such ratings help to locate areas where 
training can be given to advantage. Jor example, it is not un- 
common to find that in a certain department the average rating 
of all employees on such a factor as “knowledge of their job” is 
consistently lower than the ratings of employees in other de- 
partments on this characteristic. This situation can often be 
remedied by the preparation of a job-training manual and the 
offering of training on those aspects of the job that will upgrade 
these particular employees. Likewise, a department in which 
the men are consistently rated lower in “co-operation” than are 
the other employees in the plant may bring to the attention of 
management a department in which something is wrong in the 
relationship between workers and supervisor. To determine 
whether such a situation is due primarily to the workers or to 
the supervisor often requires careful study. The difficulty may 
be due to the fact that the workers cannot get along with the 
supervisor, in which case perhaps the latter should be changed 
rather than the workers reprimanded. Whatever may be the 
cause or the eventual solution, the presence of such a situation is 
often brought to the attention of management only after a sys- 
tematic plan of merit rating. 


Some Dangers of Merit Rating 


Although any merit-rating chart or system should be adapted 
to the needs of the organization in which it is to be used, certain 
principles, if followed, will definitely increase the value of the 
ratings and, if neglected, will cause, at the best, a marked reduc- 
tion in the value of the ratings and, at the worst, serious trouble 
in the form of labor difficulties or industrial relations disputes. 
Several of these principles have been the subject of extensive 
study by psychologists. 


The halo effect 


More than twenty years ago Thorndike * pointed out on the 
basis of experimental evidence that a rater has a constant tend- 
ency to rate an individual either high or low in many traits be- 
cause the rater knows (or thinks) the individual to be high or 


6K. L. Thorndike, “A Constant Error in Psychological Ratings” Journal of 
Applied Psychology, IV (1920), pp. 25-29. 
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low in some specific or particular trait. Thorndike called this 
tendency the “halo” effect. Applied to the industrial situation, 
Thorndike’s statement means that if the supervisor regards an 
employee as very satisfactory in terms of his general person- 
ality and co-operativeness, he is likely to rate the employee high 
also in such traits as productivity, ingenuity, inventiveness, 
adaptability, and perhaps many other traits.’ In other words, it 
is difficult for any rater—particularly an untrained rater—to iso- 
late and rate separately the various traits that an employee may 
possess. We have pointed out that the use of a merit-rating 
chart is likely to increase the ability of a foreman to make an 
analytical judgment; but we know that even under the most 
favorable conditions the halo effect will be present to some ex- 
tent and that its results will be most prominent where ratings 
have been made by those unfamiliar with its very existence. . 

The halo effect can be minimized in several ways. Stevens 
and Wonderlic* suggest having each supervisor rate all of his 
men on one trait before going on to the second trait, on the sec- 
ond trait before going on to the third, and so on. Since this 
method causes the supervisor to think of all his men in connec- 
tion with a given trait rather than to think of each man as a 
whole, the effect of this general change in point of view is a 
reduction of the halo effect. This effect can also be minimized 
by arranging the chart itself so that the desirable end of some 
traits is on the right-hand side of the scale whereas the desirable 
end of other traits is on the left-hand side of the scale. _This pro- 
cedure prevents a supervisor from checking down a column on > 
the right-hand side for a generally desirable employee, or down 
the left-hand side for a generally undesirable employee. 

The operation of the halo effect in an actual set of ratings is 
shown in Figure 74. This figure reveals graphically, for 18 ran- 
domly selected men from a large industrial organization, the re- 
lationship between ratings on overall job performance, accuracy, 
safety, and co-operation, on the one hand, and on the other an 
overall merit rating which included the four traits mentioned 


7 A discussion of the halo effect in the industrial application of merit rating 
is given by R. S. Driver, “A Case History in Merit Rating,” Personnel, XVI 
(1940), pp, 137-162. ; 

88. N. Stevens and E. F. Wonderlic, “An Effective Revision of the Rating 
Technique,” Personnel Journal, XIII (1934), pp, 125-134. 
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above along with eight others that need not be identified. The 
18 men are arranged in rank order from left to right according to 
their overall merit rating. These ratings are indicated by the 
heavy black line. The ratings of the 18 men on the other four 
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Fic. 74—Operation of the “halo effect” in industrial merit rating. 


traits are indicated by the remaining lines. It will be seen from 
an inspection of Figure 74 that those individuals who tend to 
rate high in any given trait, say co-operation, are also rated 
about equally high on all of the other traits shown. Of course, 
it may theoretically be possible that the individual high in one 
trait 1s actually high in all of the other traits, but it seems much 
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more likely that the halo effect, rather than any real relationship 
among the traits, is operating here. 

Further evidence of a more extensive statistical sort of the ex- 
istence of the halo effect has been obtained from a factor analysis 
of approximately 1100 ratings selected at random from a plant 
in which about 9000 employees had been rated.® The chart used 
involved ratings on twelve separate traits. These traits and the 
intercorrelations between the ratings for each pair of traits are 
shown in Table X XI. Such a correlational matrix containing 
correlations in general as high as those shown in Table XXI is 
sufficient in itself to indicate that a common factor is operating 
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to influence most, if not all, of the ratings. The results of a fac- 
tor analysis of these ratings quite definitely justify this Judg- 
ment. Factor analysis is a statistical technique that reduces a 


OCT enh 


set of measurements (such as test results or merit ratings) to the 

9 Edwin Ewart, 8S. E. Seashore, and Joseph Tiffin, “A Factor inioigs of an 
Industrial Merit Rating Scale,” Journal of Applied Psychology, XXV (1941), 
pp. 481-486. 
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auininum number of basic variables or factors that all account 
for the variations inthe original data. The factor analysis of 
the merit ratings revealed three basic factors, factor loadings 
for which are given in Table XXII. In interpreting the im- 
portance of the different merit-rating items as they enter into 
each of the three factors, we should bear in mind that the 


TABLE X XI 
Factor LOADINGS AFTER ROTATION 
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* Communalities. 


amount of the factor loading indicates the extent to which that 
item is related to the factor in question. An inspection-of the 
merit-rating items entering into Factor I reveals that overall 
_job performance is loaded the most heavily; productivity, sec- 
ond; industriousness, third; judgment, fourth; and so on down 
the list. If we were to attempt to name this factor, probably the 
best name available would he “Ability to Do the Present Job.” 
In other words, this factor seems to be a job- performance { factor. 
Since the factor loadings on all of the traits entering into Fac- 
tor I are high, compared with the loadings on Factors II and III 
(except Health in Factor III), we infer that this factor is by far 
the most important of the three in determining the overall merit 
rating and that, since all of the heavily loaded traits entering 
into Factor I deal rather specifically with ability on the job, it 
would seem safe to identify this factor as a job-performance 
factor. 
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Factor II contains no elements so heavily loaded as are those 
entering into Factor I. However, those most heavily loaded in 
Factor II are accuracy, knowledge of the job, and versatility. 
Judgment and safety are the fourth and fifth, respectively, but 
they are not so highly related to Factor II as are the first. three 
traits named. If we attempt to name Factor II, a name must be 
found which combines the five traits as they are all related to 
the unnamed factor. Since none of the loadings for this factor 
‘is high in comparison with those for Factor I, we must conclude 
that none of the twelve items of the rating scale “taps” this 
factor very well. We are faced then with the task of naming 
this factor although we know only the following facts: (1) ac- 
curacy correlates with it .44, (2) knowledge of the job correlates 
with it .34, (3) versatility correlates with it .33, (4) judgment 
correlates with it .27, (5) safety correlates with it .25, and (6) no 
one of these items from the rating chart is a satisfactory name 
for the factor because no one of them correlates highly with the 
factor. | 

From this evidence it would seem that Factor II may deal 
with the quality of performance on the job. Skill and accuracy 
are also suggested as possible names. Since knowledge of the 
job has the second highest factor loading, perhaps promotability 
or likelihood of being promoted would be an appropriate identi- 
fication of this factor. Whatever we may choose to call it, cer- 
tainly this second factor is not the same as Factor I and it does 
not have as much influence on the total ratings, under the sys- 
tem which had been in use when these merit ratings were ob- 
tained, as does Factor I. 

Factor III was found to be significantly loaded with only 
one element, namely, health. In other words, this factor 
was related to the health ratings and to nothing else. It 
should be mentioned at this point that the reliability of the 
ratings of the various traits had previously been obtained and, 
of all the traits, the one rated with the least reliability was 
health. Indeed, the reliability of the health ratings was only .37, 
and yet here we are presented with a situation in which the fac- 
tor analysis shows a trait whose internal reliability is only .37 to 
have a factor loading on the third factor of .84. This would 
mean that a trait that correlates with itself only to the extent of 
37 nevertheless correlates with something else (Factor IIT) to 
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the extent of .84. Now, there is an axiom of statistical studies 
of reliability that no trait or measurements or rating can cor- 
relate with anything—except by chance—higher than it will 
correlate with itself. We are, therefore, presented with the 
paradoxical situation of explaining how ratings on a certain trait 
(health) are able to correlate .84 with Factor III when their re- 
liability is only .87. The answer to the paradox is that the un- 
known factor identified in Factor III can be nothing but the 
unreliable health ratings themselves. The analysis reveals a 
third factor to account for these health ratings for the same rea- 
son that any unreliable, inconsistent, and random measurement 
would necessarily come out in a factor analysis as an independent 
factor. Such a factor would correlate with nothing else. 

This evidence provides quite sufficient grounds for disregard- 
ing the health ratings as indicating anything except random and 
relatively worthless judgments of the moment. A further rea- 
son (if one were needed) for disregarding the health ratings 
would be the fact that an employee’s health is, of all things, 
something that should be determined scientifically by a physi- 
cian and not by the judgment of his foreman or supervisor. - 

The logical conclusion one would reach from the foregoing dis- 
cussion is that the merit-rating chart in question should be re- 
duced to only two traits and that these traits should be identified 
so as to cover as well as possible the two factors that the analysis 
revealed. The Western Electric Company, an organization en- 
tirely separate from the one in which the above analysis was 
made, acting upon the results of analyses made of its own merit- 
rating plan, has done exactly that. This company has reduced 
the number of traits rated to two. The plan now in use by this 
organization involves having each employee rated, first, upon 
his ability to do his present job, and second, upon his likelihood 
of being promoted. No further ratings of the men by their su- 
pervisors are asked for, and the management of this organization 
feels that it obtains more serviceable results from ratings limited 
to these two important traits than it had previously obtained 
from more analytical ratings. This case is cited as one indication 
of the fact that, insofar as the employee’s overall merit is con- 
cerned, it seems clear that such a reduction in number of traits 
rated involves no sacrifice in either reliability or accuracy. How- 
ever, 1t may well be that certain other advantages that accrue 
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from merit rating—such as increasing the analytical viewpoint of 
the foreman and the identification of the employee who needs 
help or training—can be achieved by a more detailed type of 
merit-rating chart. Here again the problem must be solved by 
each industry in the light of the evidence and after a careful con- 
sideration of the needs of the particular plant. 

It should be stated that the presence of only two factors in the 
ratings on twelve traits may be a reflection of inadequate train- 
ing of the supervisors in the general principles of rating em- 
ployees. One recent study *° of a similar set of ratings obtained 
from supervisors who had been given seven hours of intensive 
training in rating methods revealed much lower intercorrelations 
than those shown in Table XXI. 

The general conclusion with regard to the halo effect is that 
unless supervisors have been trained very carefully they may 
allow one trait of an employee greatly to influence their ratings 
of that employee on many other traits. 


The "weighting" of traits 

After a decision has been reached in regard to the particular 
traits that are to comprise a merit-rating chart, many industries 
have felt it desirable to weight each of these traits according to 
what seems to be the relative importance of each for success of 
employees in that particular organization. Thus, one industry 
might weight initiative twenty points and safety five points 
whereas another organization might reverse this weighting of 
items. Table XX shows that of the 18 charts analyzed, four, 
or 22 per cent, incorporated some sort of differential weighting 
for the various items. The remaining charts use either equal 
weightings or no weightings at all. Either of these methods 1s 
presumably intended to give the same importance to the several 
traits included on the chart. 

At least two difficulties arise in connection with weighting of 
items on a merit-rating chart. The first of these is that items 
are not necessarily weighted equally when all are given the same 
maximum numerical value, nor are they necessarily weighted in 
the way intended when a predetermined set of maximum values 
for each is used. In combining scores—whether they are merit- 


10 Unpublished Study by R. S. Driver, Atlantic Refining Company, Philadelphia. 
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rating items, test scores, production records, or any other set of 
values—the scores weight themselves automatically in propor- 
tion to their respective variability. Expressed in statistical 
terms, the scores weight themselves in proportion to their re- 
spective standard deviations. Therefore, if the variability of all 
employees on one rating item, say health, is twice as large as the 
corresponding variability of all employees on some other item, 
say initiative, a direct combination of ratings for any employee 
on these two traits is actually weighting the health ratings twice 
as heavily as the initiative ratings. It might, of course, be the 
wish of management to weight those two items in this propor- 
tion, but it is unlikely that the chance weights that creep into a 
set of ratings as a function of their respective variabilities will 
weight the various traits in the manner desired by management. 

The statistical reason for weights being determined by varia- 
bility of the ratings is discussed in some detail in Appendix A, 
page 347. An example here may further clarify the principle. 

Suppose that 1000 men have been rated on two traits, namely, 
health and initiative. Each man has been rated on each trait on 
a 50-point scale. Suppose, for the present illustration, that all 
of the men have received ratings on initiative of between 30 and 
35 points. Suppose, further, that the health ratings vary from 
25 to 45. If we now combine for each man his rating on initia- 
tive and his rating on health we will obtain a combination rating 
in which it has often been assumed (because each trait was 
originally rated on a 50-point scale) that the two ratings are 
weighted equally. Under these circumstances, however, the 
traits are not weighted equally at all. The health ratings, 
which vary over a range of 20 points—from 25 to 45—will have 
approximately four times as much effect. on the total rating as 
the ratings on initiative, which vary over a range of only 5 points 
—from 30 to 35. A method of combining the ratings so that 
they may be weighted equally is described in Appendix A. If 
this method seems rather complicated, it can only be said that 
the rating of human personality traits is complicated and is 
difficult enough to accomplish satisfactorily even when all sta- 
tistical safeguards are followed. 

The fact that unknown weights for the various items on a 
merit-rating chart not only ‘may but do creep in, if not guarded 
against statistically, is proved by an analysis of the merit ratings 
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of 1000 employees ina steel mill. The variability of the ratings 
on each of twelve traits was computed and the standard devia- 
tions are shown in Table XXIII. 


TABLE XXTIT 
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The employees had been rated on each of these traits on a 
50-point scale, and it was assumed that this procedure resulted 
in total ratings that were influenced in an equal amount by each 
trait. Actually, the health ratings, which had the largest stand- 
ard deviation, were exercising 40 per cent more effect on the 
total ratings than the safety ratings, which had the smallest 
standard deviation. Next in importance were the ratings on 
initiative, which were exercising 38 per cent more effect than the 
safety ratings. The relative weights actually exercised by each 
of the twelve factors are given in the final column of Table 
XXIII. It is doubtful whether the management of this com- 
pany would have agreed upon this weighting of items if the mat- 
ter had been discussed when the chart was constructed. 

The simple adding of ratings for several traits not only fails 
to weight the traits equally (except occasionally and by chance) 
but also fails to give them any preassigned weights that might 
have been decided upon and crystallized in the form of a maxi- 
mum value that each trait may receive. Suppose, for example, 
that management has decided that accuracy is twice as impor- 
tant as production and therefore has adopted a chart in which 
accuracy is rated on a 40-point scale and production on a 20- 
point scale. This arrangement will not necessarily result in ac- 


11 This table is from an unpublished study at Purdue University by Wayne 
Musser. 
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curacy being weighted twice as heavily as production, for the 


_ relative weights of the traits are determined by the variability 


or- spread of each and not by the maximum values assigned to 
“each. It would be quite possible in the above situation for the 
production ratings to assume the heavier weights if the original 
ratings were directly added. 

A second hazard related to the matter of weighting items on a 
merit-rating chart, even when proper steps have been taken to 
insure the functional operation of the weights decided upon, 
deals with the differential weighting of traits for employees on 
different jobs. 

Suppose that a system is set up to weight experience twenty 
points and education five points. Let us say that an older man 
who has been on his present job for many years is now to be 
compared with a research man who has recently been employed. 
The older employee, because of his extensive experience, will re- 
ceive practically the maximum amount of rating points for ex- 
perience, but, because of lack of education, will receive little on 
that trait. Let us say that he gets the full twenty points for 
experience but only one or two points for education, giving him 
a total merit rating of 21 or 22 points. The research worker, on 
the other hand, having only recently joined the organization, re- 
celves &@ minimum of points on the experience rating but the 
maximum points on the education rating. Let us say that he 
receives three points for experience and the maximum, or five 
points, for education. His total merit rating would therefore be 
eight points which, compared with the 22 points received by the 
older employee, would seem on the surface to indicate that the 
older worker is a considerably more valuable individual to the 
organization than the research worker. Now it is entirely pos- 
sible that the older worker is of more value to the company than | 
the research worker, but it is by no means certain that he is. 
The point being made here is that a merit-rating system that 
weights the items as we have mentioned above is almost certain 
to give the worker of longer experience a higher total rating 
than the younger man. 

It may be suggested that this difficulty may be eliminated by 
weighting all items equally. However, this procedure assumes 
that for all jobs on which the merit-rating system is to be ap- 
pled the various traits included in that merit-rating system are 
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of equal importance. This plan also involves an error in many 
situations. Consider, for example, the case of rating two clerics, 
one a receptionist secretary and one a private secretary to the 
plant superintendent. In many organizations the receptionist 
secretary, in order to do her job efficiently and satisfactorily, 
needs a maximum of appearance, poise, tact, and friendliness, 
and very little, if anything at all, of such traits as originality, 
versatility, and intelligence. The private secretary, on the 
other hand, needs all of these latter traits, although she perhaps 
does not need to be quite so personable on first appearance as 
| ee the receptionist secretary. 

© Several traits might well operate to give a total overall rating 
m the receptionist secretary considerably lower than that of the 
private secretary; and yet this receptionist secretary might pos- 
sess the one or two characteristics that such a job requires so that 
she is not only highly satisfactory but actually is able to do this 
job even better than the private secretary would be able to do 
it if she were transferred to it. A supervisor in rating an indi- 
vidual in terms of his or her ability to do his present job tends to 
take all of these factors into consideration in an unconscious gen- 
eral evaluation. In the situation referred to above, it is quite 
likely that the receptionist secretary would be rated in terms of 
her present job as highly as the private secretary is rated in 
terms of her job. But if the merit-rating chart is so set up that 
it is necessary to rate each individual on a number of specific 
points and then to determine the total merit rating from some 
combination of these several ratings, it would be quite likely that 
an overall result not compatible with the facts would be ob- 
tained. Here, then, we are presented with a situation in which 
we must be careful about judging an employee’s fitness on his 
present job by adding the results of several merit-rating items. 
From this point of view, the halo effect, as Bingham” has 
pointed out, may be the saving grace of a fractionated merit- 
rating system. In other words, when a supervisor begins to rate 
any given employee, he may, and probably does, first of all cen- 
ter his attention upon the particular trait or traits that are 
necessary for the employee on his particular job. After these 
traits have been rated, all of the remaining traits on the chart 


12 W. V. Bingham, “Halo, Invalid and Valid,” Journal of Applied Ps meeog Y; 
XXTIT (1939), pp. 221-228. 
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automatically fall in line in terms of where the key. traits have 
been rated. But the old axiom that one cannot eat his cake and 
have it too prevails in the use of an itemized versus an overall 
merit-rating system. To the extent that the merit-rating sys- 
tem really does fractionate an employee’s charactertistics, it is 
unlikely to give an accurate indication of the employee’s ability 
on his present job; whereas to the extent that the system fails 
to fractionate the traits due to the halo effect, it is likely to 
work well in terms of giving an adequate overall indication. 
Some industries have solved this problem by using a dual sys- 
tem, that is, one in which the employee i is first rated on overall 
ability on his present job before further ratings of a fractionated 
sort are obtained. Such a dual system will accomplish both re- 
sults with little more labor on the part of supervisors than is in- 
cluded in any of the systems now in use. 


Pooling unreliable with reliable ratings 


It has been shown by psychological research that the reliabil- 
ity of ratings is increased when it is possible to pool the ratings 
of several raters. Such pooling, however, assumes that the va- 
rious raters are all competent to rate the employee in question. 
It is not necessary that the raters be equally competent or 
equally familiar with the employee, but it is necessary that they 
have enough knowledge of the employee so that their rating is 
not based largely on chance. Acting on this premise, many in- 
dustries have installed a system that involves pooling of two or 
three or even more ratings before a final overall rating of an 
employee is obtained. However, the very organization of a mod- 
ern industrial establishment is such that the more ratings one 
attempts to obtain on a given employee, the further away: from 
that employee in terms of contact with him one must go in order 
to obtain the additional raters. Unfortunately it is not neces- 
sary to go very far before one has brought in raters who are so 
far away from the actual observation of the employee on his job 
that their ratings of him are not only relatively worthless in 
themselves, but, what is worse, are also so inaccurate that when 
averaged with the ratings of the foreman in direct contact with 
the worker the result is to decrease whatever validity the fore- 
man’s ratings may possess. One rotten apple may spoil a bushel 
of good ones, and it is even more likely to spoil one or two good 
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ones if those one or two happen to be in close contact with the 
spoiled one. Thus there is considerable danger in assuming that, 
because pooled ratings are known to have more reliability than 
individual ratings, pooling will automatically increase the valid- 
ity of merit ratings. This result will not be accomplished if the 
pooling necessitates pooling unreliable with reliable ratings. An 
adequate merit-rating system should make provision for the 
rater to state how well he is acquainted with the employee and 
under what circumstances he has had an opportunity to judge 
him. This makes it possible to pool ratings when such pooling is 
likely to increase their value, and to avoid the pooling if by so 
doing the ratings would be made less valid. 


Failure to determine the reliability of ratings 


The general concept of reliability has been discussed in some 
detail on page 30 in connection with industrial-selection tests. 
It should be kept in mind that this concept is also directly ap- 
plicable to merit rating. Only to the extent that repeated 
ratings will tend to give an individual the same rating, assum- 
ing that in the meantime he has had no opportunity to change, 
are we justified in allowing those ratings to influence our judg- 
ment of employees. The implication of this statement is that 
the more unreliable the ratings are the greater must be the 
change in an employee from one rating to another before we are 
justified in assuming that the change in rating actually indicates 
a corresponding shift in the employee’s merit. One study by 
Reymert and Kohn” revealed the reliability for a nine-item 
scale to be .59 when two judges were used. This figure is rather 
typical of the reliability that may be expected of any merit- 
rating system based on two or three competent raters. When a 
ranking procedure rather than a rating chart is used in making 
the ratings, higher reliability (sometimes as high as .85 to .95) 
have been obtained.* 

Data on the reliability of ratings on each item of a twelve-item 
rating chart, as well as the reliability of the total rating, are 
given in Table XXIV. 

13M. L. Reymert and H. A. Kohn, “The Mooseheart Graphic Rating Scale for 
Housemothers and Housefathers,” Journal of Applied Psychology, XXII (1988), 
pp. 288-294. 


14 Personal communication from Dr. HI. C. Taylor of the Western Electric 
Company. 
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TABLE XXIV 


RELIABILITY OF EACH ITEM OF A TWELVE-ITEM MERIT-RATING SCALE, AND 
ToTaAL RATING BASED ON THE SUM OF ALL TWELVE ITEMS 


Trait Reliability 
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The reliability coefficients shown in Table XXIV were ob- 
tained by correlating results from pairs of raters who had rated 
the same employee. The data are based on a total of 92 raters 
and 4,500 rated employees. While somewhat higher reliabilities 
might be obtained in other industries by means of a different 
merit-rating chart, it does not seem reasonable to expect the 
reliability of any ratings based on only two or three raters to 
reach a much higher level than the figures here cited. It is un- 
wise to place too much confidence in any measurement that has 
a reliability no higher than .55, the value obtained for the sum- 
mation of items on the chart. 

Another factor that often tends to make the ratings more con- 
sistent from one year to another than the facts of the situation 
justify is the supervisor’s memory of his previous ratings of the 
employees. It is only reasonable to expect that when a super- 
visor rates a man twice the second rating will be similar to the 
first if no marked new factors have arisen during the intervening 
period that might cause the supervisor to change his estimate of 
the man. The extent to which this memory element influences 
the consistency of ratings has been studied by determining the 
correlation between ratings on successive years for groups of em- 
ployees who were rated by the same and different raters on the 
two occasions. The findings of this analysis are summarized in 
Table XXV. An inspection of this table reveals a consistent 
decrease in the size of the correlation from the situation at the 
top of the list, where the same three raters were involved during 
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TABLE XXV 


CORRELATIONS BETWEEN RATINGS ON SUCCESSIVE YEARS OF EMPLOYEES 
WITH SAME AND DIFFERENT RATERS - 


Correlation 
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the two successive years, to the bottom of the list, where two or 
three new raters were involved the second year. These correla- 
tions should not, of course, be interpreted as reliability coeffi- 
cients because the ratings were separated by an interval of a 
year, for during a period of that length many employees might 
actually change in such a way as to justify a change in the rating 
given them. However, the fact that a rather marked difference 
exists between the situation in which the same raters are in- 
volved and that in which one or more raters have been changed 
indicates that the constancy of the rater does affect the con- 
sistency of the rating. 

All of these facts considered together indicate that merit rat- 
ings do not have a particularly high reliability. This does not 
mean that the ratings are of no value, but it does mean that one 
should be aware of their reliabilities and should not attempt to 
use merit ratings in a way that presupposes a higher reliability 
than they actually possess. 

In proportion as ratings are unreliable it is not a valid pro- 
cedure to consider a slight change in rating from one time to 
another as indicating a real change in the merit of the employee. 
By means of a simple statistical procedure, it is possible to 
obtain for merit ratings what is known as the probable error of 
measurement. Unless an employee’s rating changes by at least 
four probable errors of measurement from one rating to another, 
it is unsafe to assume that any real change has occurred. In the 
case of the ratings that were used in determining the reliability 
coefficients summarized in Table XXV, the probable error of the 
total rating was fifteen points.. This means that an employee 
must shift up or down by approximately sixty points before 
management is reasonably certain that an actual change in the 
‘employee’s merit has occurred. It is therefore very important 
for management to. know the reliability of the ratings that are 
used. Only through such knowledge is it possible to know 
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whether the ratings indicate a real difference between two 
cmployees or a real change in an employee from one time 
to another. 


Giving numerical values of ratings to employees 


In one set of ratings studied, the numerical values, obtained 
by adding the points contributed by the twelve items comprising 
the scale, varied from 150 to 500. The reliability of this set of 
ratings as discussed in the preceding section was such that two 
employees must differ by at least 60 points before it can safely 
be assumed that a real difference between the two employees 
exists. In the light of this situation it is unwise to give the 
employees exact numerical statements of their ratings. One 
learns early in life that the figure 400 is larger than the figure 
399. Therefore, if two employees should receive ratings repre- 
sented by these numbers, one is likely to feel elated and the 
other depressed, though there is no reason at all for assuming 
that such a slight difference represents any real difference be- 
tween the two employees. It is much safer to divide the range 
of ratings into four or five categories and to tell each employee 
only in which category he is located rather than exactly where 
he stands in that category. 

A second problem in giving out numerical ratings arises when 
an employee compares his rating with a rating given him at 
some previous time. Suppose, for example, an employee’s rating 
in 1940 is 350. He is not satisfied and makes every effort. during 
the following year to improve his performance on the job. Pos-— 
sibly he attends night school, reads material related to his job, 
and in other ways makes a sincere effort to upgrade himself. At 
the end of the year the ratings are repeated and he finds that 
this time his numerical rating is only 345. One familiar with 
the fact that ratings are none too reliable even at the best would 
certainly not consider such a slight decrease from one year to 
another as indicating a drop in the employee’s merit. But the 
employee himself, if these numerical figures have been given out, 
is very likely to adopt the policy, “What’s the use?” If he has 
done everything possible during the year to improve himself, and 
finds at the end of that time that he has decreased in value to 
the company, he is unlikely to make any serious attempt in the 
future to improve his ability. This difficulty can be largely 
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eliminated by giving out only general classifications such as A, 
B, C, and D. A “B-grade” employee is not likely to be depressed 
if at the end of the year he is still a “B-grade” employee, but he 
is very hkely to be disappointed if, in terms of a numerical 
rating, he has dropped by even so much as one or two points. 


Failure to consider departmental differences in rating 


It often happens that the merit ratings turned in from differ- 
ent departments in a given plant differ markedly from one de- 
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Fic. 75—Differences in merit ratings among departments in a steel mill. 


partment to another. This may be due in part to actual 
differences in the merit of employees in the various depart- 
ments, but it may also be due in part to differences in 
standards or interpretation of the merit-rating scale among 
the departments. Whatever may be the cause, when such 
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differences do occur it is usually desirable to evaluate a given 
employee’s rating in terms of the other ratings from the de- 
partment in which he is working rather than in terms of the 
ratings obtained from the plant as a whole. This situation is 
graphically illustrated in Figure 75, which shows the distribu- 
tions of total merit ratings obtained from three departments of 
a plant made up of 14 departments and employing approxi- 
mately 10,000 men. The three departments selected for illustra- 
tion are engineering, maintenance, and plant protection. These 
three have been selected to show the marked differences which 
may be found in ratings from one department to another. The 
difficulty of interpreting the significance of a merit rating with- 
out reference to the department from which it was obtained may 
be readily seen from inspecting Figure 75. For example, a 
merit-rating score of 350 would be a very low rating for a man 
in the engineering department. The same rating would be ap- 
proximately average for a man in the maintenance department, 
and it would be very high for a man in the plant-protection 
department. Since one major function of a merit rating is to 
indicate how well—in relation to other employees—an em- 
ployee is doing his present job, a fair and reasonable basis for 
comparison of ratings of different men must be employed. 
When ratings differ markedly from one department to another, 
evaluation of any rating should be in terms of the department 
from which it was obtained. The difficulty inherent in this 
problem can be largely eliminated by using separate norms for 
different departments. 


Failure to consider job differences 


Another source of possible difficulty closely related to the 
matter of departmental differences is the variation in rating 
often found from one job to another. When employees on any 
given job are consistently given higher merit ratings than are 
employees on other jobs, such job differences should be consid- 
ered in evaluating the rating of any given employee. Figure 76 
illustrates this situation for 51 jobs in a Sheet and Tin Mill. 
The 51 jobs studied are arranged in order from the one receiving 
the highest average rating (tinner) at the top to the one receiv- 
ing the lowest average rating (opener and examiner) at the bot- 
tom. It will be noted that there is a variation from 280 to 385, 
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or 105 points, in average merit rating from the lowest to the 
highest average rating. From these differences it is clear that a 
rating of 300 is very high for an employee who is on one of the 
jobs located near the bottom of the list, but that 300 is very low 
for an employee on one of the jobs near the top of the list. The 
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implication of this is that the merit rating of an employee should 
be evaluated in relation to the ratings of other employees on the 
same job or on jobs that are given approximately the same 
average merit rating. 


Failure to consider the age of an employee 


The age of an employee is another factor that is often related 
to the rating an employee receives. In one set of approximately 
9,000 merit ratings obtained from a single industrial plant, the 
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Fic. 77—Relation between age and average merit rating for 9000 steel workers. 


relationship between total rating and age is graphed (Figure 77). 
This figure shows that an employee between the ages of 30 and 
30, other things being equal, is likely to get a higher merit rating 
than an employee who is either older or younger. Figure 77 also 
shows that after this high point is reached a progressive decrease 
in merit rating takes place as age increases. It is clear from this 
chart that an employee with a merit rating of 330 would be defi- 
nitely below average if he is in the age range from 30 to 35, but 
that he would be well above average if he is in the age range 
irom.So: to,G0ss) 
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Failure to consider other factors that may affect merit ratings 


The preceding factors that should be considered in evaluating 
the merit rating of employees have been mentioned as illustra- 
tive of the kind of factors that have been found in a number of 
investigations to be related to merit ratings. Still other factors 
exist that may affect merit ratings in any given plant. Figure 
78, for example, illustrates the relationship found in one plant 
between merit ratings and length of service on the present job 
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Fie. 78—Relation between years of service on present job and average merit rating 
for 9000 steel workers. 


In definite contradiction to the opinion of management before 
these results were obtained, this chart shows a progressive low- 
ering of merit ratings as the length of service on the job contin- 
ues. In other words, the longer a given employee remains on a 
certain job, the lower the merit rating he is likely to receive 
from his supervisor. Probably the explanation for this relation- 
ship is that only those employees who are ineligible for promo- 
tion or transfer to another or more important Job are likely to 
remain on their present jobs for a long period of time. Or per- 
haps, in this particular plant, the employees with longer service 
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on their present jobs are in general older employees and may be 
unable to do the work as effectively as younger men. Whatever 
may be the cause of the relationship, it is clear that it exists and 
that it should, therefore, be considered in evaluating a given 
employee’s rating. A rating, such as 335, that might be well 
below average for an employee of short service on the job, would 
be well above average for an employee who has been on the job 
15 or 20 years. 

Figure 79 graphs the relaeouehtn between merit rating and 
total service in the plant. It is clear that the drop-off or decrease 
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Fic. 79—Relation between years of plant service and average merit rating for 9000 
steel workers. 


in merit rating with total plant service is much less marked in 
the case of this relationship than in the case of the relationship 
with length of service on the present job. But here also a slight 
decrease in total rating seems to occur as the total plant serv- 
ice increases. 

It is not meant to imply from the results summarized in the 
preceding sections that the relationships found in the studies 
reported exist in exactly this same form in all industries. In- 
deed, there is every reason to expect that these relationships are 
not universal and that opposite trends may occur in many 
plants. The point to be emphasized is not the universality of 
the trends discussed but the fact that no company can properly 
interpret the results of the merit ratings in its own plant or 
plants without definite knowledge of what trends and extraneous 
factors influence these ratings in that particular organization. 
The only way an organization may determine this is to make a 
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set of analyses similar to those reported in the preceding sections. 
Such a procedure may be objected to on the grounds that it 
would involve more labor, and perhaps expense, than merit 
ratings are worth. It is entirely possible that this is true. But, 
if one is to obtain merit ratings that are to be used in evaluating 
employees, it is not fair either to management or to the em- 
ployees rated to use ratings when it is not known definitely 
what factors have influenced them. If it is not possible to de- 
termine what these several factors are in any given organization, 
it might be a wiser policy to discard the ratings altogether than 
to attempt to use them without this information. 


io” 
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Industrial Inspection’ 


NEARLY all industrial products undergo some form of inspec- 
tion. Sometimes inspection is accomplished by mechanical or 
other automatic devices, but often it consists of an inspection 
for appearance and is therefore dependent upon the visual and 
manipulative skills of the inspectors. The skills and capacities 
necessary for accurate inspection may be measured by means of 
certain psychological tests, and the training program that is 
given to new inspectors may also function more efficiently if the 
instruction is organized around basic psychological principles 
of learning. 

This chapter describes certain procedures that have been 
found helpful in the selection and training of tin plate inspec- 
tors. It is recognized that the specific conclusions reached with 
regard to this one type of inspection may not apply directly to 
inspection of other products; but the methods described, which 
have been found to result in definite improvement both in the 
selection and training of these inspectors, apply with very little 
modification to the problems of selecting and training employees 
for any inspection job. It should be emphasized that the present 
discussion deals with methods. Application of these methods to 
tin-plate inspection has been chosen as a means of describing 
these methods because several years of first-hand experience in 
their application on this job have given direct evidence of 
their practicability. 

The job of tin-plate inspecting, ordinarily called assorting, is 
essentially an inspection for appearance that is made while the 
inspector turns the sheets of tin plate from one stack to another. 
As the sheet is turned, the inspector makes a decision from the 


1This chapter is based largely upon data previously published by Joseph Tiffin 
and H. B. Rogers “The Selection and Training of Inspectors,” Personnel, XVIII 
(1941), pp. 14-31. . 
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appearance and feel of the sheet as to whether it is a prime or a 
second or contains one of a number of possible defects. The 
standard size sheet 1s approximately 28 by 30 inches, though this 
varies with the specific order. In the plant studied, the work is 
done by women assorters. 

Supervisors have generally felt that inspectors on this job 
do not reach their maximum performance until they have had 
approximately six months of experience. The inspectors are 
paid on a straight and uniform hourly rate. At the time of 
these experiments approximately 300 girls were employed in 
this operation. 


Measuring the Accuracy of Inspectors 


In many production jobs it is possible to determine the 
relative efficiency of a group of employees from records of 
production or earnings. Likewise, in some inspection jobs a 
reinspection of samples of material is often used to check the 
accuracy of the original inspectors. On the inspection job of the 
present study, however, neither of these indications of employee 
efficiency was available, The inspectors were paid on a straight 
hourly rate and the mechanics of wrapping and shipping made 
it impractical to reinspect samples of the material. 

It was therefore necessary to devise a method of measuring 
the accuracy of the present inspectors. Since this problem 
often arises In an inspection department, we will give a fairly 
detailed description of the method used. This method re- 
sulted in a criterion of job performance that was used later in 
the investigation. 

After considerable preliminary experimentation, a coded ent 
of tin plate containing 150 sheets was assembled. This stack 
was assorted (inspected) by 150 operators. This coded stack was 
made up of 61 prime sheets (sheets satisfactory in every respect ) 
-and second sheets (sheets containing a minor surface blemish or 
uneven coating of tin), 30 sheets containing appearance defect 
No. 1, 26 sheets containing appearance defect No. 2, 13 sheets 
containing appearance defect No. 3, and 20 sheets containing a 
weight defect. The prime and second sheets were included in a 
single category for the purpose of the experiment because with 
repeated assortings the prime sheets tend to become scratched 
and thus to become seconds. The other defective plates in- 
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cluded in the coded stack remained the same regardless of the 
number of times the stack was assorted. 

The defects will be referred to by number rather than by 
name because it is the method of measuring the accuracy of the 
inspectors rather than their accuracy on specific defects that is 
of primary importance. 

Each sheet included in the coded stack was carefully selected 
in advance and was known definitely to be either a prime or a 
second, or to contain one of the defects selected for study. The 
150 sheets were numbered in random sequence. As the inspec- 
tors assorted the sheets, they called aloud their judgment of 
each sheet as to whether it was a prime or a second or contained 
one of the defects, and, if so, which one. 

As each operator iene the 150 sheets her judgments were 
recorded by an observer. She was also timed with a stop 
watch. This procedure resulted in data from which it was 
possible to determine both the speed and the accuracy of the 
assorters studied. 

The coded stack was scored for each girl according to the 
total accuracy on the 150 sheets and also for the accuracy on 
the specific defects. This resulted in five specific measurements 
of accuracy for each girl. It also resulted in a measurement of 
the reliability of each of the five methods of scoring the coded 
stack test. The five resulting measurements with their respec- 
tive reliabilities are summarized in Table XXVI. 


TABLE XXVI 


THE Fiv—E MEASUREMENTS OF ACCURACY YIELDED BY THE CODED 
STACK, WITH THE RELIABILITY OF EACH 


Method of Scoring Reliability 
Mixed sheets. 2. yon cae cate mae Mam Insta: oie Cans eee ee + .90 
*Appearance defect. (No... lig Se eee een eee tes cece ree ed + .86 
euppearance: defect: No. 2.5 cru, ene a Ny +a sani + .87 
Appenrance defect No, aig det at een. . «toe ie a eee + .68 
Werelity defeat, ij. «Cai ae aati tte. a chee eee + .74 


The reliability figures given in Table XXVI were obtained by 
correlating correct inspections on odd versus even items for each 
defect, as described on page 32. The reliability indicates the 
extent to which repeated or duplicate measurements of-each girl 
by means of the coded stack test would result in the same score, 
for her for the defects in question. If repeated measurements 
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would give exactly the same score to all of the girls on repetition 
of a given test, the reliability of that test would be + 1.00. If, 
on the other hand, the present scores given to the girls were 
entirely the result of chance and would, therefore, bear no rela- 
tion at all to repeated measurements on the coded stack test, the 
reliability would be .00. It may be seen from Table XXIV that 
the reliabilities vary from .68 to .90. While these reliabilities 
are not as high as might be desired, they compare favorably with 
the reliabilities of many other industrial criteria that have been 
used to measure the successfulness of employees. 

As the inspectors assorted the coded stack, they were allowed 
to set their own speed or rate of inspection. This resulted in 
very great differences in speed. The time required for the vari- 
ous girls varied from eight to forty-eight minutes. It was first 
thought that this uncontrolled time factor would be a marked 
handicap to this method of measuring inspector accuracy. After 
careful consideration, however, it was thought best to retain an 
indefinite time limit procedure because only under such circum- 
stances would it be possible to determine for each girl the maxi- 
mum accuracy of which she was capable. In other words, the 
coded stack test was deliberately given under conditions that 
would cause every girl to bring to bear every bit of inspecting 
knowledge she had and that therefore would allow her to reach a 
level of accuracy that was close to, if not equal to, the maximum 
accuracy of which she was capable. 

The results of the coded stack test as administered to the 150 
girls are summarized in graphic form in Figure 80. The six 
curves shown in this figure are frequency distributions obtained 
from the 150 inspectors. | 

The time curve in the upper left-hand corner indicates the 
number of girls completing the 150 sheets of tin plate in each 
of the times specified along the base line. The most rapid as- 
sorter, it will be noted, completed the test in 8 minutes, whereas 
the slowest required 48 minutes. The curve is highest over the 
region of 14 to 21 minutes, indicating that a plurality of the 
girls required between 14 and 21 minutes to assort the 150 sheets 
under the conditions of the test. The average time required, as 
indicated in Figure 80, is 20.1 minutes. 

In the curve immediately below this the ordinate again rep- 
resents the number of girls and the base line represents the 
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percentage of accuracy for the entire stack of 150 sheets. The 
average accuracy for the 150 sheets under the conditions of this 
test was, as shown in Figure 80, 78.5 per cent. This does not 
mean that the accuracy of these assorters in a normal assorting 
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Fig. 80—Distributions of results on a codes stack test of 150 tin-plate inspectors. 


situation is only 78.5 per cent. The assorting skill required to 
inspect the coded stack is greater than that required in a normal 
assorting situation, because more defective plates of various 
types were included in the test than are found in the run of the 
mill and the defective plates were not included in any sequence 
or groupings. The test as given measures differences among the 
girls in their skill on this job but probably gives to each girl a 
somewhat lower score, that is, a poorer accuracy, than she 
customarily reaches in routine daily assorting. 

The remaining four curves in Figure 80 give similar distribu- 
tions for the four specific defects studied. Figure 80 shows, 
among other things, that for the four defects studied the average 
inspector is most accurate on appearance defect No. 2 (75.5 per 
cent), and least accurate on appearance defect No. 3 (35.1 per 
cent). The data also show a great variation among the various 
girls in their accuracy on any specific type of defect. For exam- 
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ple, 8 girls out of the 150 detected only 5 per cent of appearance 
defect No. 3, whereas one girl spotted 95 per cent. of the sheets 
containing this defect. There is nearly as wide a variation in 
accuracy for the other four defects studied. 

Inspection of Figure 80 also reveals that the amount of vari- 
ation among the girls, that is, the range from the poorest to the 
best, is smaller for the curve representing total accuracy than 
for the several curves representing accuracy on specific defects. 
The reason for this is that only a slight relationship exists be- 
tween accuracy in detecting any one defect and accuracy in 
detecting other defects. Thus, if a girl is far above average in 
detecting one defect she is likely to be at average, or possibly 
below average, in detecting other defects. This fact tends to 
give scores for the total 150 sheets of mixed plate more nearly 
alike than the scores for the various individual defects. 

It will be noticed that the average accuracy on mixed plate is 
higher than the accuracy on any specific defect. This difference 
is due to the fact that a majority of the sheets included in the 
coded stack were primes or seconds and that the acceptable 
sheets were seldom called defective, whereas the defective sheets 
were frequently called primes or seconds. In other words, there 
was a tendency to overlook the defects. Hence, the accuracy 
for the total stack, which included a majority of primes and 
seconds, and a minority of defective sheets, was found to be 
higher than the accuracy on any specific defect studied. 

The next question investigated was the relation between 
speed and accuracy in detecting the different types of defect. 
The results for this part of the investigation are summarized in 
graphic form by the curves in Figure 81. Each of the curves in 
this figure is a logarithmic curve of best fit? representing the 
relationship between speed and accuracy. The equations of the 
curves shown in Figure 81 are as follows: 

Percentage accuracy on appearance defect 1 = 24.0 + 33.2 log, (Time—7.5) 

Percentage accuracy on appearance defect 2 = 55.5 + 19.5 log’ (Time—7.5) 


Percentage accuracy on appearance defect 3 9.4 + 28.4 log. (Time—7.5) 
Percentage accuracy on weight defects 72.7 + 5.6 log, (Time—7.5) 


a i 


In using these equations, it should be remembered that the 
word “Time” refers to the number of minutes used in assorting 
150 sheets. It is understood that the percentages of accuracy 


2 The curves were fitted according to the mathematical criterion of least squares. 
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that the equations yield are for the conditions under which the 
coded stack test was given. 

It is interesting to note that in detecting off-weight A the 
accuracy is about the same whether the test is completed in 10 . 
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Fic. 81—Relationships between speed of inspection and accuracy in detecting four 
defects. 


minutes or in 40 minutes. In other words, accuracy in detecting 
off-weight sheets for the 150 girls tested is not appreciably 
affected by speed of inspecting within the time limits found for 
these girls. To some extent the same general situation is true 
for appearance defect 2, although in detecting this defect we 
note a beginning tendency for accuracy to decrease with in- 
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creased speed. This tendency is still more pronouneed in the 
case of appearance defects 1 and 3. For example, we find that 
when the stack is assorted in 10 minutes, only 20 per cent of the 
sheets containing appearance defect No. 3 are spotted and only 
35 per cent of those containing appearance defect No. 1. 

On many inspection jobs, certain defects may be spotted 
equally well at either fast or slow rates of inspection, but other 
defects cannot be spotted with satisfactory accuracy above a 
certain inspection speed. These curves clearly reveal this situ- 
ation for this inspection job. Defects of weight are noted almost 
as well when the 150 pieces are inspected in 10 minutes as they 
are when 40 minutes are used to inspect this number of sheets. 
It is important for the head of an inspection department to 
know how accuracy is affected by varying speed. When he 
possesses this information he is more able to set the speed of 
inspection so as to achieve satisfactory quality without wasting 
time in overcareful inspection. 

The coded stack used in this study not only furnished a means 
of measuring the accuracy of the inspectors but also furnished 
data from which the relationships between speed and accuracy 
plotted in Figure 81 were determined. 


The Determination of Tests for the Placement of Inspectors 


The tests selected for tryout consisted of a series of vision 
tests,’ the Zeigler Rate of Manipulation Test,* the Purdue Hand 
Precision Test,’ and, in addition, measurements of reaction time, 
strength of grip, height, weight, and age. 

Table XXVII summarizes the interrelations of the several 
tests in terms of the correlations * between them. According to 
the technique used for computing these correlations, the maxi- 
mum value the figure theoretically could reach is + 1.00. This 
would be reached in the case of a perfect positive relationship 
between the two variables under consideration. The minimum 
figure the correlation could reach is — 1.00, which would repre- 
sent a perfect negative relationship. 


3 See page 131. 

4See Table VI on page 86. 

5 See page 82. 

6 The correlations in Table XXVII are product moment correlations, computed 
as described in Appendix A, page 353. 
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TABLE XXVII 


CORRELATIONS OF lest REesutts or 150 Tin PLATE INSPECTORS 


: Appear-|Appear-| Appear- ‘ 
Speed ae ance ance ance ve ght 
sheets |defect 1ldefect 2idefect 3| Sete 
Mixed: sheetey.«¢2.. i... ste «Sah — ee 
Appearance defect 1......... —.42 | +.80 
Appearance defect 2......... — .49 ) +.68 |. +.24 
Appearance defect 3......... —iSO ee OS feo. Oo | ssa 
Weight defects 12,0. =. 00 62. of) a ee 208 22 ea ee 
Visual discrimination  (dis- 
tance) .\...%2 .| —.26 | +.22 | +.28) +.16/] +.19 | +.02 
Visual discrimination (near). .00 | +.09 | +.08 | +.138 | +.15 | —.10 
Vertical balance of the eyes..| —.43 | +.03 | +.25 | —.13 |} +.08 |; +.01 
TLCIG IG oe eee. cas Sire a ee —.07 | +.21 | +.05 | +.02]} +.10 |) +.18 
Weight. teen ewe ect m= 220 Lp 25) 09 1 oe T4504 05 
ARC mee Sure teenie Wad J gheaed hts 1 =. 169) 099) 2+ 08h 12a 
PIX DeTICNGCE 25. essilaalw weg Woke eT, «fist, [001 *-+.06') =. 16 
Strength of erip.. .| +.02 | +.17 | —.05 | +.19 | —.07 | +.14 
Minnesota Rate of Manipu- 
LARIONS 3-sbiye tues tie coveg ty eae +.01 | +.06} —.10 | —.03} +.038 |} +.14 

Speed of Reaction........... —.02; +.12/} +.05} +.10 |] —.07 | +.03 
Purdue Hand Precision....... +.05} —.13 | —.06 | +.12]} +.01 | +.34 


The first figure mentioned in the table, it will be noted, 1s 
—.49, which indicates the relation between speed and accuracy 
on mixed plate. This means that there is a tendency for those 
who are above average in speed to be below average in accuracy, 
and vice versa. It will be noted further that the correlations 
between speed and accuracy for the various specific defects are 
all negative and that the amount of negative relation between 
speed and accuracy on off-weight plate is the smallest found in 
the group. The intercorrelations between accuracy for the va- 
rious specific defects are all small, the largest being only + .35. 
This finding substantiates the statement previously made that 
there is no decided tendency for girls who are above average in 
detecting one type of defect to be above average in detecting 
other types of defects. | 

The general conclusion that may be drawn from the correla- 
tions between the vision tests and the specific ways of scoring 
the coded stack is that the vision tests clearly tend to pick the 
girls who are the most accurate on the job. Although two 
correlations are slightly negative, the remaining thirteen are 
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positive. The distance discrimination test gave the highest 
positive correlations with accuracy in detecting all three ap- 
pearance defects. 

Table X XVII also shows correlations between accuracy, as 
revealed by the coded stack test, and the height, weight, age, and 
experience of the operators. It will be noted that the taller girls 
tend slightly to be somewhat slower than the shorter girls 
(correlation between height and speed is —.07). ‘Taller girls, 
however, tend to be more accurate on the several phases of the 
coded stack test, as indicated by the fact that the remaining 
correlations in this row are all positive. Likewise, in considering 
body weight we note that the heavier girls are somewhat slower 
but more accurate on everything but the off-weight sheets. The 
older girls, however, are not only slower but less accurate on 
everything but appearance defect 2. The more experienced girls 
are slightly faster but less accurate on nearly every defect. 

Correlations between the remaining tests and the various 
ways of scoring the coded stack are given in the last four rows 
of Table XX VII. While the correlations shown in the remain- 
ing rows are somewhat inconsistent, at least one value is high 
enough to indicate a definite and real relationship. This value 
is the correlation of + .34 between the Purdue Hand Precision 
Test and accuracy in detecting off-weight plate. The hand pre- 
cision test is recommended, therefore, for inclusion in a battery 
of employee placement tests as discussed in the last section of 
this chapter. 

The student may wonder why correlations have been included 
in Table XXVII that are so low that no appreciable relation- 
ships are indicated. The reason for including these low correla- 
tions in this table is to emphasize again the fact that in setting 
up any battery of employee tests it is always necessary to start 
with more tests than one expects finally to retain. Many of 
one’s guesses are likely to be wrong. In the present experiments, 
the tests that were found of no value were strength of grip, 
- Zeigler Rate of Manipulations, and reaction time. These repre- 
sent the bad guesses in finding aptitude tests for the job. How- 
ever, it should not be assumed that these tests are generally of 
no value, for they might be the very ones to “come through” 
best on some other job. 

The following general conclusions from the test results will 
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give some indication of the kind of results such a procedure 
may yield: 

1. By means of a coded stack of material, it is possible to 
measure the accuracy of inspectors. 

2. These measurements reveal whether any relationship ex- 
ists between speed and accuracy of inspection, and, if so, how 
much relationship. 

3. Results of this procedure also reveal whether a good in- 
spector is accurate on all types of defect or more accurate on 
some defects than on others. Such information is of value in 
training or re-training inspectors. 

4. The procedure also reveals which defects are most. difficult 
for inspectors to detect. This information is also of value in a 
training program. 

5. A battery of vision tests was found to be of importance in 
placing persons on this job of inspection for appearance. It is 
probable that the same tests would be of. value in placing em- 
ployees on any other job of inspection for appearance. 


A Battery of Placement Tests for the Inspectors 


A study of the correlations shown in Table X XVII resulted 
in setting up four qualifications that a girl must meet before 
being trained as a tin-plate inspector. These requirements were: 

1. Pass the near and far visual discrimination tests and the 
vertical balance test. | 

2. Be at least 5 feet 2 inches tall. 

3. Weigh at least 118 pounds. 

4. Score not over 2.00 on the Purdue Hand Precision Test. 
(See page 82.) ) 

An indication of the effect of placing inspectors upon the basis 
of these recommendations may be seen from Table XXVIII, 
which is based upon data gathered in this investigation. 

The inspectors meeting the qualifications, though 5 per cent 
slower on the coded stack, were from 4 per cent to 15 per cent 
more accurate in detecting the several defects. It might be sus- 
pected that, since the inspectors in the qualifying group were 
slower by 5 per cent on the coded stack than the average of all 
‘ Inspectors, the greater accuracy of this group is simply a reflec- 
tion of this slower speed. However, reference to the equations 
showing the relation between speed and accuracy (see page 267) 
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TABLE’ XX V PIT 
A. COMPARISON OF THE JOB PERFORMANCE OF 150 INSPECTORS SELECTED AT RANDOM 
WITH THE JOB PERFORMANCE OF 28 INSPECTORS WHO MET FOUR » 
BASIC REQUIREMENTS 


Average of 28 Difference 
Average ‘imspectors who met in favor 
of all qualifications of inspectors 
150 inspectors on four tests passing tests 
Time to assort 150 sheets..... 20.1 min. 21.1 min. 5% slower 
Accuracy on mixed sheets ... °-78.5 min. 81.7 min. 4.1% more accurate 
Accuracy on appearance de- 
PCOGP. Dee avatars’ iu lage Bo Wists aun ike 2 59.3 min. 68.4 min. 15.3% more accurate 
Accuracy on appearance de- 
MCLG Cah dns Woltetry hls att octets Sy-¥ fo 5 75.5 min. 83.1 min. 10.1% more accurate 
Accuracy on appearance de- 
BM aah states ate tae Lisle Wain os 39.1 min. 38.0 min. 8.3% more accurate 
Accuracy on weight defect ... 73.4 min. 76.4 min. 4.1% more accurate 


and the curves of these equations, plotted in Figure 81, shows 
that the speed differential would account for a maximum of 
only 1.1 per cent difference in accuracy, and that this is consid- 
erably less than the difference in accuracy on any one of the 
defects. It seems conclusive, therefore, that the greater accuracy 
of the qualifying group is due primarily to the visual and other 
test. characteristics of this group rather than to the fact that 
they inspected at a slightly TON speed than the average of all 
inspectors studied. 


Relation between Psychological and Motion Study Analysis 
of the Job 


The discussion thus far has dealt chiefly with the statistical 
analysis of the data obtained from supervised tests on the coded 
stack and from various psychological tests. It seemed desirable 
to check these results with records of performance under actual 
shop conditions, and for this purpose micromotion studies of 
representative operators were made. 

Motion pictures were taken, at 1,000 frames per minute, of 
twelve inspectors selected from those who had taken the coded 
stack test. In this group were two who had been rated as fast 
and accurate, two fast but inaccurate, two slow and accurate, 
two slow and inaccurate, and four rated as average in both 
speed and accuracy according to the test stack data.. The pic- 
tures were taken in the shop under normal working conditions, 
and because of the general noise and shop activity, the operators 
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were not aware of the exact moment at which the pictures 
were taken. 

Obviously the pictures did not reveal the accuracy with which 
the inspector detected the defects. However, they did show the 
normal speed of the operator, the relative body activity or exer- ~ 
tion, the various methods used in grasping and moving the 
sheets, and the disturbance in the rhythm whenever a defective 
sheet was found. In general the speeds indicated by the analysis 
of these films correlated fairly well with the speeds indicated by 
the test stack. 

The pictures were analyzed in an attempt to detect individual 
motion characteristics that might indicate causes for differences 
in accuracy. Since the detection of all but one class of defects 
depends upon vision, the eye fixations were plotted in relation to 
the positions of the hands and the positions of the sheet. 

In the normal handling of the sheets the several stacks of 
sheets that have not been inspected, the sheets of first. quality, 
those of second quality, and those containing various types of 
defects are aligned along a bench. The operator picks up a new 
sheet from the pile at her left and turns it over toward the right 
onto the adjacent pile of first-quality sheets where it normally 
remains. If a defect is discovered, the sheet is moved to the 
proper pile farther along the bench. 

For most of the operators it was found that the eyes tend to 
follow the movements of the hands. Thus as the hands move 
toward the left to grasp a new sheet, the eyes attempt to scan 
the full top surface of the sheet within the very short period of 
time required for the grasp. As the sheet is picked up and 
turned over onto the adjacent stack, the eyes tend to follow the 
movement of the sheet which, in the upright position, presents 
only one edge toward the eyes. As the sheet approaches the 
right-hand stack, the eyes attempt to scan completely the second 
surface of the sheet; but as the release period is very short in 
duration, the scanning period is likewise very brief. 

In hig sequence, the eyes are attempting to see an object that 
is almost continually in motion, and*it was found that the oper- 
ators who most nearly fallen this pattern had the lowest 
accuracy ratings in the test-stack data. This is logical since it 
is more difficult to see a moving object and the continual at- 
tempt to do so. reduces the accuracy of the operator. 
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On the other hand, the accuracy ratings were higher for those 
inspectors whose eye movements were more nearly opposite the 
above sequence. For example, the inspector mentioned above, 
who was both fast and accurate according to the films and actual 
production records, used the following cycle of eye movements. 
As the hands moved to the left to pick up a new sheet, the eyes 
were scanning the second side of the previous sheet. The fact 
that this previous sheet was not in motion contributed to the 
ease of seeing possible defects, and the scanning period was in- 
creased to include nearly the full handling time of the next 
sheet. When the next sheet approached the second pile to the 
right of the operator, the eyes quickly shifted toward the left, to 
the first side of the top sheet on the new pile where the scanning 
period included the time for disposal of the previous sheet (see 
Figure 82). 

In this second cycle of eye movements, the eyes move quickly 
from one motionless object to the other and thus gain greatly 
increased scanning periods for detecting the defects. Accuracy 
data both from the test stacks and from production records 
correlated very closely with the eye-movement patterns of the 
twelve inspectors thus analyzed. 

It has been demonstrated experimentally that the eyes can 
see a motionless object more accurately than one that is in mo- 
tion, and the longer the scanning period, the greater the oppor- 
tunity to observe defects. If the increased scanning periods are 
longer than necessary for effective inspection, the operator tends 
to handle the sheets faster. It is logical, therefore, that the girl 
who, accidentally or otherwise, has acquired this improved rou- 
tine shall be both fast and accurate. | 

This cycle is opposite the more natural cycle of following the 
hands with the eyes; but as in many other operations, the nat- 
ural way is not necessarily the best way. This less natural, but 
more effective co-ordination of the eyes and hands is simple to 
learn, but because it is less natural, its technique must be ex- 
plained and taught to the operator along with the other require- 
ments of the job. This might be classed as one of the “tricks of 
the trade” not readily discovered without adequate instruction. 


The Training of Inspectors 


Several specific needs for training came out of the are ex- 
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THE "NATURAL" WAY THIS LEARNED WAY 
IS WRONG 1S RIGHT. 
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-perimentation. In the first place, the accuracy of inspectors on 
the job was found to be far from the level of satisfactory per- 
formance that management considered desirable. Reference to 
Figure 80 shows that, in the case of some of the defects, an ap- 
preciable number of the present employees were unable to spot 
over 10 or 20 per cent of the defective material. The relationship 
discovered between accuracy and visual capability resulted first 
of all in the recommendation that those girls low in accuracy on 
defects of appearance immediately see an eye specialist. Subse- 
quent study of the inspectors in the plant revealed that those 
girls who had received professional eye care that improved their 
performance on the vision tests were doing a more satisfactory 

job of inspection than those girls who still were unable to pass 
all of the vision tests. 

A second effort made to upgrade the performance of em- 
ployees on the job consisted of a series of inspectors’ conferences. 
The inspectors were brought into conference in groups of ap- 
proximately 20, on company time. The first thing done in each 
of these conferences was to pass out a slip to each girl on which 
was printed her accuracy on the coded stack as a whole and on 
each of the four specific defects studied. This information gave 
each girl a clear indication of her weak as well as her strong 
points and resulted, in most cases, in a definite desire on her 
part to improve her level of performance. The fact that little 
correlation was revealed between accuracy on the different kinds 
of defects resulted in the fortunate circumstance that a girl who 
was very low in accuracy on one defect, or possibly even two 
defects, was likely to be average, or even above average, in accu- 
racy on the other defects. This fact, coupled with the further 
fact that most of the girls were low in accuracy on at least one 
defect, prevented any employee from feeling that she had been 
singled out because of her low-quality work. Each inspector 
attended two of these training conferences, which lasted an hour 
and a half each and were separated by a period of two weeks. 


Fic. 82—Sequence of sheet movements and eye-movement patterns in inspecting 
tin plate. In the “Natural” way the eyes follow moving objects. The inspector 
thus sees the full sheet only in steps 1 and 5; she tries to see it while it is in mo- 
tion in steps 2 and 4; she sees only the edge in step 3; and merely watches her 
hands in step 6. In the Right Way, which must be learned, the inspector sees a 
motionless sheet during all 6 steps. This way nearly doubles the available inspec- 
tion time. 
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The time was spent in thorough discussion and demonstration 
of the various kinds of defects found in tin plate.’ The demon- 
stration also included a review of the micromotion films and an 
explanation of differences between the patterns of eye move- 
ments with respect to the moving sheet. The films illustrated 
these eye-movement patterns and provided a means of teaching 
the most effective sequence of visual fixations. General im- 
provement in performance following these conferences was noted. 

The second innovation of training procedures that directly 
resulted from this investigation dealt with the training of new 
employees. The procedure followed in the past consisted in 
placing a new girl between two experienced inspectors. The 
expectation was that new employees would be able to ask ques- 
tions of the more experienced employees. The present results 
indicated that this procedure had not resulted in adequate 
training of new inspectors. Since hindsight is often better than 
foresight, it was easy to conclude after the investigation that 
experienced operators do not wish to be bothered with stopping 
frequently to answer the questions of a new girl. This knowl- 
edge resulted in each new employee finally setting up her own 
methods and standards of performance. It is not surprising 
that under such circumstances the standards varied markedly 
among the employees on the job. 

The new procedure consisted in assigning an experienced and 
capable inspector as an instructor to each group of four new 
employees. The old employee was taken off the job of inspec- 
tion, and since she had no assigned inspection work to perform 
she was able to devote all of her time to instruction of the new 
employees. This procedure resulted not only in much more 
uniform standards of inspection among the newer employees 
than had heretofore existed but also in a marked reduction of 
the time necessary for bringing a new girl up to a satisfactory 
level of performance. As the newer girl became more adjusted 
to the job, less and less time of the instructor was called for; and 
after a certain level of efficiency was reached, the instructor 
automatically resumed her former work. Under this system the 
older employees assigned as instructors took considerable pride 


eae This procedure has been suggested by J. H. Mitchell, “Subjective Standards 
in Inspection for Appearance,’ The Human Factor, London, IX (1935), pp. 
235-239, 
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in the fact that they had been selected for the job of breaking 
in the newer inspectors, and the method was favorably received 
both by the older employees and the newer employees, as well 
as by the management. 

The general conclusions from this work are that if adequate 
inspectors are to be obtained they must be selected with sci- 
entific precision and trained with corresponding thoroughness. 
No amount of desire on the part of a new employee to be a good 
inspector will result in satisfactory job performance if the em- 
ployee does not have the visual qualifications, the necessary 
eye-hand co-ordination, or the physical stamina that experi- 
ments show to be necessary for the job. And in like manner, no 
amount of qualification for the job will result in satisfactory 
performance without a systematic training program covering 
standards and procedures as well as “tricks of the trade.” 


11 
Accidents and Safety 


AccIDENTS do not just happen. In dealing with them nothing 
is gained, except a temporary dodging of responsibility, by 
ascribing them to bad luck or chance. The concept of luck is used 
in explaining human behavior only when the really causative 
factors are unknown or when, for some reason, we have been 
unable to exercise adequate control over known factors. As 
those factors that are related to industrial accidents become 
more and more clear in the light of statistical investigation, the 
use of the concept of luck or chance becomes less and less neces- 
sary. In the light of such causative factors as are now known 
definitely to exist, Heinrich * has estimated that around 98 per 
cent of industrial accidents are preventable. Of these, around 
88 per cent involve such things as faulty inspection, inability of 
the employee, poor discipline, lack of concentration, unsafe prac- 
tice, and mental or physical unfitness for the job. These fac- 
tors may be eliminated or greatly reduced by adequate super- 
vision and proper job placement by employers. The importance 
of what might be called the psychological or personal factors in 
causing accidents is firmly attested by Heinrich’s conclusion that 
only around 10 per cent of industrial accidents are due to dis- 
tinctly physical causes such as faulty equipment or bad building 
conditions. He further estimates that a reduction of approxi- 
mately 50 per cent is often possible when adequate consideration 
is given to the underlying and basic causes. 


General Considerations 


Psychological versus physical conditions as causes of accidents 


It is the purpose of this chapter to point out a number of es- 
sentially psychological factors that have been found by experi- 
mental and statistical investigation to be definitely related to 


1H. W. Meinrich, Industrial Accident Prevention (McGraw-Hill, 1931). 
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industrial accidents. It is not meant, however, to imply that all 
accidents are related to, or can be explained by, the psychological 
factors involved. The importance of such external conditions as 
machinery safeguards and working conditions is fully attested 
by the favorable safety records that have so often followed the 
installation of a program that deals primarily with these factors. 
The present discussion is limited primarily to the psychological 
aspects of safety, not because we fail to recognize the importance 
of the other aspects, but because this discussion is primarily in- 
tended to bring out the mental and personal features of a safety 
program. 7 


Different factors cause lost-time and minor accidents 


Any investigation intended to discover the causes of accidents 
must consider the severity of the accidents. The reason for this 
is that the same factors do not operate in causing first-aid or 
minor accidents and lost-time or more serious accidents. This 
fact is strikingly revealed in Table X XIX, which shows the 
relative frequency of lost-time accidents and first-aid accidents 
for eleven departments of a steel mill for the year 1940. For 
both types of accidents, the figures are given in terms of acci- 


TABLE XXIX 


ACCIDENT DATA FROM A STEEL MILL FOR ONE FISCAL YEAR 


Lost-Time Accidents First-Aid Accidents 
Department per Million Hours per Million Hours 

aay 5.91 433 
2 3.30 660 

3 2.36 O74 

4 2.34 485 

5 8.37 496 

6 2.62 392 

if 4.18 930 

8 2.45 725 

9 2.65 504 

10 2.26 534 

aR 00 242 


dents per million man hours. A large difference in the relative 
frequency of accidents of the two types will be noted, the first- 
aid accidents far exceeding in number the lost-time accidents. 
A rather great difference in the order of importance or frequency 
of these accidents in the different departments will also be noted. 
For example, Department 7, which stands at the top in terms of 
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first-aid accidents with 930 such accidents per million man hours 
for the year in question, is third from the top in lost-time acci- 
dents with 4.18 per million man hours. Department 5, which 
stands at the top in lost-time accidents with 8.387 per million 
man hours, is seventh from the top in first-aid accidents with 
496 per million man hours. The rank order coefficient of cor- 
relation between frequency of these two types of accidents for 
the eleven departments studied was only .21. The conclusion in- 
dicated by this low correlation is that only a very slight rela- 
tionship exists between the hazard of a given department with 
respect to the possibility of lost-time accidents and the hazard of 
that same department with respect to more minor accidents. 
Thus, the factors that result in a large number of first-aid or 
minor accidents do not necessarily result in a correspondingly 
large number of lost-time accidents, and vice versa. Throughout 
the discussion of this subject, therefore, we shall identify in the 
case of each statistical summary whether the data refer to lost- 
time or minor accidents. 

The distinction between lost-time accidents and first-aid in- 
juries is one of degree rather than of kind. In drawing the line 
that separates these two categories, some variation from one 
plant to another will be noted. Usually, however, a lost-time 
accident is one that involves not only lost time by the employee 
but also the payment of compensation by the company. 

The importance of reducing lost-time accidents is indicated by 
the fact that the plant from which a number of the investiga- 
tions reported in this chapter were obtained has estimated that 
a lost-time accident involves a minimum cost of $2000 to the 
company. First-aid injuries, on the other hand, are considerably 
less expensive both in time lost and inconvenience. However, 
no actual figures on the exact cost of these latter injuries are 
available. 


Accident proneness 


When industrial safety first began to be given serious consid- 
eration by management, opinion differed considerably as to the 
relative importance of factors within the individual and working 
conditions as causes of accidents. It is obvious that a safety 
program within a plant must depend upon specific knowledge of 
whether these factors are both operating, and, if they are, of 
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what their relative importance is for the plant in question. The 
concept of accident proneness is concerned with whether each 
employee tends to retain a given accident rate in comparison 
with other employees regardless of changes in the general physi- 
‘eal condition of the machinery and working conditions within 
the plant. To the extent that each employee does tend to re- 
tain his same relative accident rate from one time to another, we 
may conclude that personal factors, peculiar to that individual, 
are affecting his accident record. This situation has been called 
accident proneness. 

The relative importance of working conditions and accident 
proneness as causative factors varies from one plant to another. 
In plants where the machinery used is unavoidably dangerous in 
itself, the former is of greater importance. In plants where the 
working conditions in and of themselves are not hazardous, the 
latter factor is of greater importance. When individual or per- 
sonal factors are causing the trouble, it is clear that an adequate 
safety program must make provision for the individual handling 
of the high accident rate or accident-prone employees. It is, 
therefore, of vital importance for the safety director of a plant 
to know the extent to which his own employees are affected by 
accident-proneness factors. 

In nearly every investigation of industrial accidents, accident 
proneness has been found to be a factor, and in some cases, a 
vitally important factor. The work of Greenwood and Woods,’ 
Marbe,’* and others whose work has been summarized by Viteles * 
tends to support the statement that “accidents do not distribute 
themselves by chance, but they happen frequently to some men 
and infrequently to others as a logical result of a combination of 
circumstances.” ° Several more recent investigations substantiate 
this general conclusion. The work of Slocombe,° for example, 
revealed a correlation of .51 between accidents for two successive 
years. Slocombe concluded, among other things, that the acci- 

2M. Greenwood and H. M. Woods, “The Incidence of Industrial Accidents, 
With Special Reference to Multiple Accidents,” Industrial Fatigue Research 
Board, No. 4 (1919). 

3K. Marbe, Praktische Psychologie der Unfalle und Betriebschiden (Munchen, 
cae S. Viteles, Industrial Psychology (W. W. Norton, 1932). 

5 Ibid., page 334. 


6C, S. Slocombe, “Consistency of Operating Efficiency,’ Personnel Journal, 
VIII (19380), pp. 413-414. 
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dent-prone men, as identified from their record for a given pe- 
riod of time, will subsequently experience more accidents than 
the average in 76 per cent of the cases. It is not our intention 
here to resummarize the excellent digest of the literature on this 
‘subject already published by Viteles. Our purpose, rather, is to 
present certain statistics not previously published that have a 
direct bearing on this topic. These statistics both strengthen the 
case for the concept of accident proneness as a causative factor 
of industrial accidents and answer certain questions which pre- 
vious investigations have not particularly considered. 

Table XXX summarizes certain facts pertaining to hospital 
visits from the employees of eleven departments of a sheet and 
tin mill employing around nine thousand employees for the years 
1938 and 1939. The second, third, and fourth columns reveal 
respectively the average number of hospital visits per man for 
the year 1938, the year 1939, and for the two years combined for 
each of the eleven departments, as well as for the mill as a whole 
(in the bottom row). In the remaining columns of this table the 
average hospital visits per man for the year 1939 are given for 
the employees who had previously been classified according to 
the number of hospital visits experienced in 1938. Thus, for De- 
partment 1, the individuals with no hospital visits during 1938 
averaged .61 hospital visits in 1939, whereas in this same depart- 
ment the employees with seven visits in 1938 averaged 2.50 visits 
in 1939. Although some inversions of the data from one cate- 
gory to the next occur, particularly in departments where the 
total number of men was not large, the general trend in all de- 
partments is toward an increase from left to right. When atten- 
tion is turned to the data summarizing the mill as a whole, which 
are tabulated in the lower row, this trend is seen to be still more 
pronounced. For the mill as a whole, no inversions whatever are 
‘ound in the tendency. 

These data for the entire mill are shown graphically in Figure 
83. In this figure the number of hospital visits for 1988 are 
plotted along the base line or abscissa and the corresponding 
number of hospital visits for the following year of 1939 along 
the ordinate. From these data we may confidently state that the 
average employee tends to retain approximately his same rela- 
tive position with regard to hospital visits for any two successive 
years, 
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Accident proneness versus the job as causes of accidents 

The question may be raised as to why those employees who. 
had nine hospital visits during the first year did not, on the aver- 
age, have nine such visits during the second year instead of 5.14 


NUMBER OF HOSPITAL VISITS IN 1939 


e) | 2 3 4 5 Ga at. Sa-9 
NUMBER OF HOSPITAL VISITS IN 1938 


1G. 83—Relation between number of hospital visits for two successive years among 
approximately 9000 steel workers. 


re 


visits as revealed by the data. It may be argued that if factors 
within the individual or accident proneness are the sole cause of 
hospital visits, then the employees with nine hospital visits dur- 
ing 1938 should have also on the average nine such visits during 
1939. The answer is that if accident proneness were the sole 
cause of accidents, this group would have nine visits during 
1939. The discrepancy between the nine visits experienced by 
employees in this group during 1938 and the 5.14 average visits 
experienced by these same employees in 1939 may be taken as a 
measure of the relative importance of accident proneness versus 
external factors in causing hospital visits in the mill in question. 
In other words, we may say roughly that of every nine hospital 
visits made by the most accident-prone group slightly more than 
five are essentially related to the accident proneness of these in- 
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dividuals and the remaining four cannot be related so clearly to 
individual factors within the employees. To prove the im- 
portance of the accident-proneness hypothesis, it is not neces- 
sary that the high-accident group for any year retain the same 
level of accidents for a subsequent year, but only that this group 
account on the subsequent year for a number of accidents sig- 
nificantly greater than the average of the plant. As revealed in 
Table XXX, this situation is clearly the case for the mill in 
which these statistics were gathered. 

An objection may be raised to the above results as evidence of 
the fact that an individual or personal factor operates in the 
causation of accidents. This objection is that the job to which 
each employee is assigned may involve a specific accident hazard 
which, remaining the same or relatively the same from one year 
to another, results in a consistency of accidents for each em- 
ployee from year to year, a consistency due more to the accident 
hazard of a given job than to any factors within the individual. 
It must indeed be admitted that each job has a relatively con- 
stant accident hazard and that this hazard clearly varies by . 
rather marked amounts from one job to another. This fact is 
brought out in Table XX XI which gives the average number of 
hospital visits per year for employees on eleven specific jobs in a 
steel mill. It will be noted that the average number of hospital 
visits varies from 3.55 in the case of cranemen down to .47 in 
the case of roll turners. It might reasonably be expected that 
this ratio of 7 to 1 found among this sampling of eleven jobs 
would be still larger if a larger sampling of jobs had been in- 
cluded in this survey. The table will suffice, however, to set 
forth clearly the fact that a specific hazard on different jobs does 
exist and that this hazard is likely to vary by a rather large 
amount from one job to another. 

This situation makes it necessary to rule out the cement of 
job hazard in evaluating the concept of accident proneness. 
This was done in Table XXXII by reassorting the data accord- 
ing to specific jobs. Table XXXII is similar to Table XXX in 
general interpretation. In it, however, the employees are di- 
vided according to the particular job they are on rather than 
the department in which they are working, as was done in 
Table XXX. Thus, all openers, regardless of the department in 
which they are working, as we move from left to right across any 
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TAB TR Xx £ 
VARIATION IN AVERAGE NUMBER OF HOSPITAL VISITS PER YEAR 
AMONG EMPLOYEES ON ELEVEN DIFFERENT JOBS 


Average number of 
hospital visits 


Job per year 
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row, are exposed to approximately the same accident hazards. 
It may be seen in Table XXXII that for nearly every job the 
average number of hospital visits for 1939 shows a progressive 
increase. The combined data for the eleven jobs considered are 
summarized in the bottom row of Table XXXII and are por- 
~ trayed graphically in Figure 84. We note nearly as definite a re- 
lationship between accidents of two successive years in Table 
XXXII and Figure 84, when the element of job hazard has been 
essentially eliminated, as we previously noted in Table XXX 
and Figure 83 when the job-hazard element might conceivably 
have had a significant effect upon the results. From the data, 
it seems safe to conclude that accident proneness, or individual 
accident susceptibility, is one important cause of the type of ac- 
cident that results in hospital visits for the plant studied. 

It is one thing to determine, as the above data demonstrate, 
that an appreciable number of hospital visits are due to accident 
proneness or factors within the individual. It is quite another 
thing, however, to identify the particular factors within the in- 
dividual that determine accident proneness. In other words, 
once the concept of accident proneness has been established as 
an operating factor, the next question that arises is: What are 
the particular factors within an individual which tend to give 
him the particular degree of accident proneness that he is known 
to possess? It is obvious that two men could be equally prone 
to accident for entirely different reasons. Theoretically, at least, 
one man may be constantly getting into accidents because he is 
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blind or nearly blind, while another man with perfect vision may 
find himself equally often involved in unsafe practices because 
of an unconscious desire on his part to escape certain responsi- 
bilities by experiencing occasional minor injuries. The remedy 


NUMBER OF HOSPITAL VISITS IN i939 


.¢) ‘ 2 Gee (O57. S59 
NUMBER OF HOSPITAL VISITS IN 1938 


Fic. 84—Relation between number of hospital visits for two successive years 
among steel workers when hazard of the job is eliminated as a determining 
factor. , 


in the first case might be as simple as obtaining a new pair of 
adequately fitted spectacles. The remedy in the second case, if 
it could be effected at all, might involve an extended and ex- ~ 
pensive series of psychiatric treatments. The point is that the 
specific factors underlying accident proneness must be deter- 
mined before the plant management is in a position to make a 
really effective effort in the direction of reducing accident prone- 
ness of the high-accident employees. 


External Factors Related to Accident Proneness 
It is a recognized fact that many nonpsychological factors in- 
fluence the accident rate and, to some extent, determine an em- 
ployee’s accident proneness. For example, it has been pointed 
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out by Vernon‘ that the accident rate increases during the latter 
part of the working day. According to Vernon’s results, this 
tendency is so marked that during a 12-hour working day 
women experienced 24 times as many accidents as during a 10- 
hour day. Although fatigue has often been considered the cause 
of this increase, the fact that the time of greatest accident rate 
as compared with hours worked is reversed on the night shift in- 
dicates that psychological rather than physiological factors are 
at fault. Although Vernon’s results attach somewhat more 
importance to the length of working day than do other investi- 
gations of this subject, it is quite commonly agreed that acci- 
dents do increase as the working day is lengthened in greater 
proportion than the actual increased number of hours worked. 

The job itself, as we have already noted, accounts for-a part 
of accident proneness. Table XX XIII shows the hospital visits 
for ten departments of a sheet and tin mill. It will be noted 
in the last column of this table that the hospital visits per man 
per year vary from a minimum of .55 to a maximum of 1.26. 
This difference clearly reflects the hazard of working in the dif- 
ferent departments. A good many other nonpersonal factors, 
such as heat, ventilation, and humidity have been pointed out by 
various investigators as causative factors in industrial accidents. 
Osborne and Vernon ®* report, for example, that whenever the 
temperature increases or decreases above or below a normal and 
comfortable level of around 70 degrees, the accident rate becomes 
correspondingly higher. 

TABLE-XXXIM 


DEPARTMENTAL DIFFERENCES IN HOSPITAL VISITS RATE 
Number of Accidents Accident per Man 


Department Number of Men for 1939 § 1940 per Year 
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7H. M. Vernon, “An Experience of Munition Factories During the Great War,” 
Occupational Psychology, XIV (1940), pp. 1-14. 

8 EK. E. Osborne and H. M. Vernon, “The Influence of Temperature and Other 
Conditions on the Frequency of Industrial Accidents,” Industrial Fatigue Research - 
Board, Report No. 19 (1922). 
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It is also quite commonly accepted among safety men that an 
increase in the accident rate usually accompanies a step-up in 
production. Although this situation undoubtedly occurs in 
many individual plants when an attempt is made to step up 
production without adequate expansion of plant facilities, it is 
interesting to note that in a thorough study of the relationship 
between safety and production reported by the American En- 
gineering Council® it was found, on a country-wide basis and 
over a period of years, that increased production in nearly every 
industry was accompanied by a decrease in the accident rate. 
This means that there is nothing inherently characteristic of a 
high-production rate that tends to make automatically for a high- 
accident rate. Rather it means that, as high production is 
achieved in the normal course of events by improved machinery 
and capacity for output, the accident rate will be likely to de- 
crease along with the technological improvements and plant 
expansion. In any event, the effect upon safety of increased pro- 
duction, like the effect of temperature or job hazard, is essen- 
tially a physical rather than a psychological matter; and thus, 
important as this circumstance may be for the safety engineer 
who is interested in all angles of industrial safety, it is not pri- 
marily of psychological interest. 


Psychological Factors Related to Accident Proneness 


In contrast to the above-mentioned factors which partly de- 
termine accident proneness, certain factors related to accidents 
exist which are concerned primarily with the individual em- 
ployee. Since in many cases these factors may be modified or 
even eliminated by methods that deal exclusively with the em- 
ployee, they may properly be considered in the sphere of psy- 
chological factors that affect safety. 


Vision 
In spite of the fact that nearly every industry administers 
some form of vision test as a part of its employment procedure, 


vision surveys conducted among present employees in a number 
of industries reveal astounding differences in visual performance. 


9 American Engineering Council, Safety and Production: An Engineering and 
Statistical Study of the Relationship Between Industrial Safety and Production 
(Harpers, 1928). . 
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(See page 134.) These differences are due in part to original 
differences among applicants that are not disclosed by rough 
visual screening tests; in part to the changes in vision that occur 
with increasing age; and in part to the fact that an injury or 
deterioration of an employee’s vision after he has been em- 
ployed often may go unnoticed unless the injury takes place on 
company property and during working hours. There are many 
reasons for insisting upon a visual check-up of employees, but by 
no means the least of these reasons is the relation that has been 
discovered between satisfactory vision and the frequency of ac- 
cidents. A discussion of this relationship for two plants em- 
bracing a total of more than 13,000 employees has been covered 
in Chapter 6 on page 142. 

Entirely aside from the extent to which the importance of vi- 
sion is revealed by this individual study of the accident records, 
the study strongly suggests a relationship between visual per- 
formance and safety. When these statistics were first shown to 
safety men from the plants in question, a thorough study was 
made of the individual case records of the various lost-time ac- 
cidents. Nowhere in the description of these accidents, which 
had been written at the time of the accident by persons familiar 
with the background of each mishap, could there be found ref- 
erence to the fact that faulty vision had played a part 1n causing 
the accident. These individual case studies did not reveal a de- 
ficiency of vision of the employee responsible for the accident. 
Yet the statistics show that the visual factor is operating. On 
an actuarial basis, it can be predicted that, if all plant employees 
had been required to pass the four critical vision tests, the lost- 
time accident rate among the employees at present failing these 
tests would have been reduced at least 25 per cent. The uncoy- 
ering of the importance of this factor by statistical investigation, 
which had long escaped notice through ordinary case study of 
accidents, is a striking illustration of the value of the statistical 
approach in revealing hidden causative factors in any phase of 
human behavior. 

No one should conclude from these statistics, however, that 
faulty vision is the sole cause of industrial accidents. Just as all 
kinds of factors may cause disease, so all kinds of factors may 
cause accidents. But the statistics do prove that faulty vision is 
one cause of accidents and a very important one. Certainly this 
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factor is sufficiently important to deserve much more attention 
than it has received in many industrial plants in the past. Pro- 
grams for such attention have been discussed in detail in Chap- 
ter 6. 


Age and plant service 


A number of the investigations of the relationship between 
accident rates and plant experience or job experience of the em- 
ployee have been reported. As might be expected, these in- 
vestigations do not reveal entirely consistent results from one 
plant to another or from one industry to another. In most of 
these studies it has been found that the accident rate is higher 
among the younger, more inexperienced employees. This is the 
conclusion reached by Hewes,*® Gates,‘ Schmitt,’? and Lip- 
mann. Previously unpublished data obtained in a sheet and 
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Fic. 85—Relation between age and hospital visits per man per year among 9000 
steel workers. 


10 A, Hewes, “Study of Accident Records in a Textile Mill,” Journal of Indus- 
trial Hygiene, III (1921), p. 6. 

11). 8. Gates, “A Statistical Study of Accidents in Cotton Mills, Print Works 
and Worsted Mills of a Textile Company,” Journal of Industrial Hygiene, II 
(1920), p.‘8. 

12K, Sehmitt, “Unfallaffinitit und Psychotechnik im Eisenbahndienst,”’ In- 
dustrielle Psychotechnik, III (1926), pp. 144-153; 364-366. 

13Q, Lipmann, Unfiillursachen und Unfallbekampfung (Berlin, 1925). 
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tin mill also show a drop-off in the accident rate with the age of 
the employees, their years of service in the plant and their years 
of service on their present jobs. These relationships are shown 
graphically in Figures 85, 86, and 87. Except for a low point of 
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Fie. 86—Relation between years of service in the plant and hospital visits per man 
per year among 9000 steel workers. 


the curves for the very young or very inexperienced employees, 
there is a continuous decrease in hospital visits with increasing 
age or increasing plant or job experience. 

Several possible explanations for the trends shown in Figures 
85, 86, and 87 have been offered. It has been suggested that the 
younger employees are placed on the more hazardous jobs and 
that, as they become older and more “plant wise,” they tend to 
get themselves transferred to jobs of greater relative safety. It 
has also been suggested that the younger employee, who, in gen- 
eral, has relatively few family responsibilities, is less cautious. 
and more likely to take chances than the older employee and 
therefore becomes involved in a greater proportion of industrial 
accidents. It has been further suggested that the younger em- 
ployee is less acquainted with the possible dangers that exist in 
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connection with the different machines and is thus more likely 
to subject himself to situations in which an accident is likely to 
occur. Any or all of the above factors (and possibly other fac- | 
tors which have not been mentioned) may account for the re- 
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Fic. 87—Relation between years of service on present job and hospital visits per 
man per year among 9000 steel workers. 


sults found. Whatever may be the cause or combination of 
causes, it is clear that in the plant studied the younger employee 
accounts for far greater than his share of accidents. An ade- 
quate safety program must therefore take into account the age 
and service differential in accident susceptibility. This can be 
done by safeguarding the younger employee while he is becoming 
experienced on the job, by organizing safety conferences with 
particular reference to these employees, and by making other 
efforts to instill in this high-accident group those habits of work 
and methods of thought which tend to reduce the hazard. 

It should be emphasized, however, that the above relation- 
ships are not necessarily true of industry in general and that in 
certain other investigations a reversed type of relationship has 
been found. Stevens,’* for example, found in the plants which 


14 A. F. Stevens, Jr., “Accidents of Older Workers: Relation of Age to Extent 
of Disability,” Personnel Journal, VIIT (1929), pp. 138-145. 
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he studied that frequency of accidents increased with age and 
that the mature workman is disabled for a longer period than is 
the younger man when an accident does occur. Shrosbree *’ 
also reports statistics from one industry to show that workers of 
longer service are a greater hazard. This is due, according to 
Shrosbree, to their becoming accustomed to danger and hence 
less careful than the less experienced employee. Although the 
general rule seems to be a decrease in accidents with age, the last 
two studies cited indicate that this is not an invariable rule and 
that, occasionally, even the reverse principle may exist. The 
important thing to realize is not that a single rule necessarily 
applies to every industry, but that in any given industry the 
working conditions and other factors probably result in some 
sort of relationship. It is important for a safety director to 
know what relation exists in his plant and to direct his safety 
program specifically to that particular group of employees, 
young or old, who are working under the greatest accident haz- 
ard. Data of the type reported here are relatively easy to obtain 
in any industrial organization. Such data should definitely be 
in the hands of the safety director in formulating and admin- 
istrating his safety program. 
Emotional factors f 

Two emotional factors which have been found to be related 
to employee accidents are general emotional maturity and the 
emotional state at the time of the accident. An analysis of the 
causes of accident susceptibility among fifty motormen of the 
Cleveland Railway Company, published by the Metropolitan 
Life Insurance Company, is reproduced in Figure 88. In this 
analysis four single items, namely, faulty attitude, impulsive- 
ness, nervousness and fear, and worry and depression, account 
together for 32 per cent of the accidents among the group 
studied. Since these four items are essentially emotional in na- 
ture, it may be inferred that emotional conditions account for a 
considerable proportion of accidents. It is well accepted psycho- 
logically that many individuals vary in their general emotional 
state between a “high” and a “low” condition. These conditions 
are often fairly regular in their occurrence and appear in a cycle 
from one extreme to another. This situation is readily recog- 


15 G. Shrosbree, “Relation of Accident Proneness to Length of Service,” Indus- 
trial Welfare (1933), pp. 7-8. 
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nized in its extreme form as it results in the so-called manic- 
depressive psychosis. In a minor form, however, it characterizes 
many people who are in no sense of the word psychotic but who 
do, nevertheless, experience definite “ups and downs” in their 
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Fic. 88—Primary causes ee Buia proneness Poetics 
to a survey among 50 motormen of the Cleveland Railway 
Company. 


general emotional state. The relationship between these emo- 
tional cycles and the frequency of accidents has been shown in an 
investigation by Hersey,’® who found that the average worker is — 
emotionally low about 20 per cent of the time and that more 
than half of the four hundred minor accidents studied occurred 


16 R, B. Hersey, “Emotional Factors in Accidents,’ Personnel Journal, XV 
(1936), pp. 59-65. 
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during these low periods. According to chance alone only 20 
per cent of the accidents would have occurred during such pe- 
riods; the differential may therefore be taken as indicating the 
effect that an emotional depression has upon an employee’s 
safety. 

The general importance of the employee’s emotional condition 
is further attested by another study by Hersey ** in which it was 
reported that the production of industrial workers is around 
8 per cent higher during periods when the men are elated, happy, 
hopeful, and co-operative than when they are _ suspicious, 
peevish, angry, disgusted, pessimistic, apprehensive, or worried. 
A favorable emotional condition thus not only is desirable from 
the standpoint of safety but also from the standpoint of plant 
productivity. 

Supervisors and others dealing with human relations problems 
have long been aware of the fact that certain individuals vary 
from day to day in their agreeableness or ability to get along 
with others. Too often it has been the practice to dismiss such 
individuals either with a sharp reprimand or a general comment 
to the effect that so and so has a “grouch on” today. An em- 
ployee who periodically gets a “grouch on” very likely is one 
who is afflicted with more than the average amount of cyclic 
fluctuation in his emotional state. To reprimand such an em- 
ployee usually does about as much good as to reprimand a man 
with a broken arm for not getting out his full share of work. 
Such an individual should be dealt with clinically to unearth 
the cause of his emotional condition. If this is impractical, he 
should be kept off of a job that is in any way hazardous for the 
duration of his unsatisfactory emotional state. It should be 
emphasized that an employee who suffers from extreme varia- 
tions in mood is not doing so for the fun of it. He cannot help 
himself and he, himself, is unhappier as a result of his condition 
than are any of the people who are in contact with him. 

Aside from the fairly common fluctuations in temperament 
that are quite certain to be found among a few at least of any 
large group of employees, there is the matter of general emo- 
tional maturity in responses which varies considerably from one 
person to another. It is entirely possible for an individual to be 


17 R. B. Hersey, “Rates of Production and Emotional State,” Personnel Journal, 
X (1932), pp. 355-364. 
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fifty years old by the calendar and yet be only five or six years 
old in terms of the level of his emotional behavior. A certain 
level of emotional development characterizes each state of the 
normal growth process. The baby cries and sleeps, the two- 
year-old kicks and screams, the eight-year-old fights, the adoles- 
cent sulks. The normal adult seldom indulges in any of these 
kinds of behavior; instead he has matured to a point where he © 
recognizes and practices other more social ways of gaining his 
end. Occasionally, however, we find a supposedly mature indi- 
vidual who has not grown up emotionally. He curses and fights 
like a child, sulks like an adolescent, and even occasionally cries 
like a baby. Such behavior obviously does not result in the de- 
gree of carefulness and responsibility that is necessary for safe 
practice in a modern industrial plant. 

For an employee of this type who is interested in gaining 
greater insight into his own condition, a simple test, such as the 
Frederick Test for Emotional Maturity, is reeommended. This 
test 1s reproduced below. 


THE FREDERICK TEST FOR EMOTIONAL Maturity 18 


1. Do I get discouraged rather easily and have moods and 
occasional fits of depression? Yes No 
2. Am I rather fond of “cutting a dash” with my clothes, 
and do I enjoy attracting attention to myself with my 
dress and manner? Yes No 
. Am I cool or self-possessed in emergencies? Yes No 
. Am I inclined to being very positive, irritable, or dog- 
matic when I am arguing a question against strong 


H OD 


opposition ? | Yes. No 
5. Is solitude or being alone enjoyable to me? Yes No 
6. Do I often say things which I later regret? Yes No 
7. Are my relations with my family peaceful and sweet? Yes No 
8. Do I frequently take offense at the words or actions of 
others? Yes No 
9. Do I readily admit I am wrong when I know I am Yes No 
wrong? Yes No 

10. Am I inclined to blame others for my faults and mis- 
takes? Yes No 


11. Do I place myself first in nearly all my relationships? Yes No 
12. Is it my idea ae I haven’t had a very good “break” 
from life? Yes No 


18 J. G. Frederick, “What is Your Emotional Age? A Book of 65 Amusing 
Psychological Tests” (Business Bourse, 1928). 
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13. Am I inclined to live beyond my means? Yes No 
14. Have I an underlying sense of inferiority or lack of 

confidence in myself which I try to hide? Yes No 
15. Do I incline toward tears when attending an emo- 

tional play? Yes No 
16. Do little annoyances tend to “get my goat’’? Yes No 
17. Am I inclined toward impressing my superiority on 

other people? Yes No 
18. Am I domjneering? Yes No 
19. Am I frequently looking for sympathy from others? Yes No 
20. Do I have tantrums when I am upset or displeased? Yes No 
21. Am I a good hater, with active dislikes for some 

people? Yes No 
22. Do I get pangs of envy and jealousy when others have 

success? Yes No 


23. Am I very considerate of the feelings of other people? Yes No 
24. Do I get angry or peeved frequently and have “tiffs” 


with people? Yes No 
25. Have I ever thought of murdering someone, or com- | 
mitting suicide? Yes No 


Scorine System AND Norms 


VALUES VALUES VALUES VALUES 


Number | Yes} No | Number | Yes! No | Number! Yes| No | Number| Yes| No 


iy Tho 2 ie 3l 9 13 13 | 26 19 7 | 24 
2 7 | 20 8 11 {20 14 @ | 25 20 5 | 20 
3 261) 7. 9 26 | 10 15 5 | 30 21 7 | 21 
4 12 | 30 10 7 | 26 16 11 | 28 22 Oh ae F 
5 40 | 8 11 6 | 25 17 7 | 25 23 PA ie a 
6 10 | 20 12 LL 1.29 18 12 | 30 24 10 | 20 

25 5 | 20 


The score on this scale is obtained by finding the total of the 
encircled yes and no answers and dividing this total by 25. Scores 
so obtained may be interpreted as follows: 


25 Perfect emotional maturity. 
21-24: Very good emotional maturity. 
17-20 Average emotional maturity. 
13-16 Adolescent emotional development. 
10-12 Childish emdtional development. 


9 or below Infantile emotional development. 


A test of this type is of value only for those employees who 
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are interested in obtaining increased insight into their own emo- 
tional development. Such a test is of no value for measuring 
emotional maturity in an individual who does not want to be 
measured. Unfortunately, an unwillingness to be measured is 
often found in the very employees who are most in need of emo- 
tional development. _The unwillingness itself is often a symp- 
tom of emotional maladjustment. Such cases require definite 
therapeutic measures of the type described by Anderson *® and 
Wright.”° Anderson describes several points to be followed in 
making a psychiatric study of an employee who has had emo- 
tional difficulties. Wright describes in some detail the counsel- 
ing plan that has been in operation for a period of years in sev- 
eral plants of the Western Electric Company. The essential 
feature of this plan is that provision is made for individual study 
and counseling of problem employees by professionally trained 
counselors. Sometimes a counselor will spend only a single pe- 
riod of a few minutes with an employee and will find that the 
problem of the employee has been satisfactorily solved. But 
often the counselor will find it necessary to devote a number of 
periods of one hour or even longer to a single employee before 
the trouble is really unearthed and the way made clear for a 
satisfactory solution. The work of these counselors might be de- 
scribed as a sort of applied psychoanalysis, although it differs in 
many ways from a really psychoanalytic treatment. 

Some type of individual study and treatment seems Hepnarers 
to be necessary in the case of those employees who are handi- 
capped by severe emotional problems. Such treatment, while 
clearly of personal value to the employee, need not be looked 
upon by management as a sheerly paternalistic venture; on the 
contrary, it should be viewed primarily as a financial and busi- 
ness venture. The solution of the emotional problems of em- 
ployees is a paying proposition in terms of reduced accidents 
and increased production, es 


Mental ability 


Numerous investigations have shown that a certain minimum 


19 V. V. Anderson, “The Problem Employee, His Study and Treatment,” Per- 
sonnel Journal, VII (1928), pp. 203-225. 

20H. A. Wright, “Personal Adjustment in Industry,” Occupations, XVIII 
(1940), pp. 501-505. 
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mental ability is required if an employee is to escape the hazards 

that are to be found in any industrial plant. Chambers *’ 
found that very few accident-prone individuals were above 
average in handwork, intelligence and learning ability, depend- 
ableness, and industry. The accidents for the most part were 
contributed by individuals who were relatively low in the traits 
associated with mental ability. In another investigation, 
Henig” found a definite relation between accidents in the 
Essex County Vocational School at West Orange, New Jersey, 
and scores on the Army Alpha Mental Test. The rapidly in- 
creasing use of some form of mental ability test as a standard 
part of employment procedure in many personnel offices is quite 
likely to be followed, as a secondary but very valuable result, by 
a reduction in accidents as well as an increase in general worker 
efficiency. The ever-increasing mechanization of modern in- 
dustry 1s more and more increasing the importance of keeping 
away from the machine those individuals whose mental capacity 
renders them unable to recognize fully the dangers that are 
always present if unsafe practices are followed. 

In apparent contradiction to the above results, a few investi- 
gators, for example Farmer and Chambers,”* have found no cor- 
relation between degree of intelligence and accident liability. 
The disagreement is more apparent than real, however, for in- 
vestigations of this latter type have attempted to correlate the 
degree of intelligence with accidents among employees who are 
above a certain minimum intelligence level. It seems clear that 
above a minimum critical mental ability level little, if any, re- 
lationship exists between further amounts of mental ability 
level and susceptibility to accidents. But it still remains quite 
-hecessary for an employee to possess this minimum amount of 
mental ability. Those who lack it are quite likely to be haz- 
ardous employees. It is primarily for the identification of this 
extremely low group that the use of mental ability tests is rec- 


21. G. Chambers, “A Preliminary Inquiry into the Part Played by Character 
and Temperament in Accident Causation,’ Journal of Mental Science, LXXXV 
(1939), pp.nd 15-118. 

22M. S. Henig, “Intelligence and Safety,” Journal of Educational Research, 
AVE C1927); pp. 81-87. 

23H, Farmer and HE. G. Chambers, “A Psychological Study of Individual Dif- 
ferences in Accident Rates,’ Industrial Fatigue Research Board, Report No. 38 
(1926). 
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ommended as an important part of any accident-prevention 
program. 


Ratio between perceptual and muscular speed 


An interesting hypothesis which seems to account for at least 
a part of the cause of accident proneness has recently been ad- 
vanced by Drake.** Drake administered to a number of acci- 
dent-prone and safe individuals a series of psychological tests. 
The tests were roughly divided into two groups, namely, those 
dealing with perception and those dealing with muscular re- 
sponses. The perceptual tests were primarily concerned with 
visual discrimination and the muscular tests with the speed of 
executing a number of routine manual activities. In the course 
of examining these test results it was observed that the accident- 
prone persons tended to have motor test scores which were rela- 
tively higher than their scores on the perception tests. It was 
also observed that the safer employees or accident-free individu- 
als tended to have motor test scores which were lower, relatively, 
than their scores on the perception tests. Following this cue, a 
combination test score was obtained as follows: . 


Test score — spiral test score — turning test score. 


In this formula the spiral test consisted of a hundred small 
aluminum spirals each of which had been punched with a small 
hole near one end. Fifty were punched “standard,” that is, they 
contained the punched hole two and one half turns from the 
end. The remaining fifty were punched “off-standard,” that is, 
the hole was punched at a distance from the end different from 
the two and one half turns of the standard punch. The person 
tested was required to separate the standard items from the 
others, Although an element of muscular dexterity was required 
in selecting these pieces, the test is primarily a measure of the 
individual’s rapidity of perceptual discrimination in detecting 
the differences between the “standard” and “off-standard” 
pieces. The turning test referred to in the formula, on the other 
hand, involved the turning of ten pairs of machine screws into 
threaded holes in a vertical steel plate. This test, therefore, 
was largely one of speed of manual activity. The scores of both 


240. A. Drake, “Accident-Proneness: a Hypothesis,’ Character and Personality, 
VIII (1940), pp. 335-341. 
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tests were first converted into comparable standard scores and 
then recomputed into a single final score according to the for- 
mula. It is clear from this formula that a positive final score re- 
sults when the perceptual test score is higher than the muscular 


8.0 x 


INDEX 


XX 
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Fic. 89—Relation between accident proneness and test scores dealing with per- _ 
ceptual and muscular speed. 


test score, and a negative final score results when the opposite 
situation with reference to the two initial tests prevails. 

After the composite test score obtained in this manner had 
been obtained for each of thirty-eight employees, the accident 
index of each employee was computed according to the following 
formula: 


a Number of Accidents < Severity 
es Length of Service in Months 


The next step was to plot the accident indices so obtained 
for the 38 employees against the composite test. score. This has 
been done in Figure 89. The general trend of the relationship is 
clear. Though it is not a straight line or linear relation, indi- 
viduals with negative composite scores show a definite tend- 
ency to be among those with the high accident indices, whereas 
those with the positive composite scores are relatively free from 
accidents. Drake’s statement of the principle involved, as 1- 
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lustrated in Figure 89, is that “Individuals whose level of mus- 
cular action is above their level of perception are prone to more 
frequent and more severe accidents than those individuals whose 
muscular actions are below their perceptual level. In other 
words, the person who reacts quicker than he can perceive is 
more likely to have accidents than is the person who can per- 
ceive quicker than he can react.” 


Other psychological factors 


Other attempts have been made to identify the accident-prone 
employee by means of tests; notable among these is the work of 
Farmer and Chambers.”? These investigators administered to a 
number of industrial employees a group of muscular tests (dot- 
ting tests, reaction time tests, and pursuit meter tests), a group of 
what was called temperamental instability tests (including mus- 
cular balance, rate of tremor, and psycho-galvanic reflex), and 
tests of the higher thought processes (which included intelli- 
gence and a number-setting test). 

Follow-up studies were then made to determine whether em- 
ployees who were above average in these tests were, in general, 
more free of accident records than employees whose test scores 
were below average. For six separate groups of employees, it 
was found, those whose performance on the dotting tests was 
better than average had a more favorable safety record than the 
poorer testing employees. Apparently the muscular skill re- 
quired to obtain a favorable score on the dotting test is, in scme 
way, of value to an employee in helping him to avoid accidents 
in the plant. 

No one would contend from the preceding studies that any 
single one of the factors discussed is wholly the cause of indus- 
trial accidents. But the analyses indicate that each factor plays 
some part in causing accidents and that, together, these identi- 
fiable factors clearly account for a significant proportion of plant 
accidents. It seems clear, then, that individual safety can never 
be fully attained by improvement of working conditions and 
safeguarding the machines. No matter how safe a machine is, 
the accident-prone employee may find himself injured by it. An 
employee whose vision is unsatisfactory can severely injure him- 


25 Farmer and Chambers, op. cit. 
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self on a machine that is perfectly safe to an employee with 
normal vision; and an employee whose emotional condition is 
in the depths of a “devil-may-care” condition will unconsciously 
find a way to injure himself on the safest machine imaginable. 
The individual must be considered. He, himself, is the cause of 
many accidents and the adequate handling of the accident-prone 
employee is just as important a part of the safety engineer’s Job 
as is the installation of machinery safeguards. 


How to Reduce Accident Proneness 


Several ways to reduce the proportion of accident-prone em- 
ployees among newly hired employees and to reduce the degree 
of accident proneness among present employees may be seen to 
follow logically from the foregoing statement of factors that de- 
termine accident proneness. 


Psychological tests at the time of employment 


When it has been found that accident-prone employees and 
safe workers make significantly different scores on a psychologi- 
cal test, that test may safely be used at the time of employment 
to detect and reject those applicants who are in the unsafe or 
accident-prone category. Rigid adherence to such a policy of 
hiring in the employment office is as beneficial to the rejected 
employees as to the management. No employee would willingly 
take a job on which, because of his own particular psychological 
makeup, he would be demonstrably more likely to suffer an ac- 
cident than would an employee whose psychological makeup dif- 
fers from his. Yet, when employees are hired without reference 
to those psychological and personal factors that affect accident 
proneness, the end result is the placement of employees in such 
a manner that an unnecessary number of accidents will occur. 
For example, it has been demonstrated (see page 142) that em- 
ployees failing certain vision tests are definitely more likely to 
experience industrial accidents than employees passing those 
tests. Therefore, the hiring of employees without regard to their 
scores on vision tests is almost certain to be followed by a poorer 
safety record than could easily be obtained if certain critical 
scores on these tests were made one of the requirements for em- 
ployment. Many, perhaps most, industries give some sort of 
vision test as a part of employment procedure. But often this 
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test consists only of the Snellen Chart at twenty feet, and this 
test measures no more than visual acuity at that distance. 
Among employees passing this test are many who experience 
accidents because of visual trouble (such as lateral or vertical 
phorias) that is not detected by the Snellen test. .A comprehen- 
sive visual performance test is necessary as a part of employment 
procedure if the employees who are accident prone for visual 
reasons are to be identified. Many, if not most, failures on vis- 
ual performance tests can be remedied by proper professional 
attention. But without the stimulus of vision tests at the time 
of employment, many applicants would be quite willing to go to 
work with vision entirely inadequate for safe conduct within 
the plant. 
Other tests dealing with such factors as mental ability and 
muscular speed may also be used to advantage, particularly in 
selecting employees for the more hazardous jobs. The several 
investigations summarized on the relation between mental abil- 
ity and accident experience all ‘point to the general conclusion 
that a minimum score on an adequate mental ability test should 
be required of employees who are to be exposed to the normal 
hazards of a modern industrial plant. This does not mean that 
a particularly high critical score need, or should, be required for 
many jobs; but it does mean that a reasonable minimum score 
should be required and that an applicant who is so low in mental 
ability as to fall below that score should not be employed. 


Safeguarding and training inexperienced employees 


The fact that young or inexperienced employees ordinarily ex- 
perience more than their share of industrial accidents suggests 
the need for special care in building up a “safety consciousness” 
in the members of this group. This may be done in several 
ways. New employees often may be placed for a time on jobs 
that are not hazardous but that are close enough to those jobs 
where great care must be exercised that the new employee will 
have an opportunity to learn by observation something about 
the machinery with which he later will be in contact. This pro- 
cedure enables the new employee to have a “breathing spell” 
during which he can adjust himself to the plant and overcome 
whatever feelings of uncertainty and anxiety he may have im- 
mediately after going to work in a strange (and, to him, often 
awesome) industrial plant. 
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Another method of helping the new employee is to assign him 
to periodic safety conferences. Conferences of this type are be- 
coming more and more widely used as a tool of management, 
particularly on a supervisory level, and more is said about the 
general nature and purposes of such employee conferences on 
page 198. These conferences are of real value as one means of 
assisting the new employee in his task of becoming familiar with 
the hazards of his job. Every safety engineer has available a 
list of unsafe practices that apply to the several departments 
and operations of his plant. These unsafe practices are usually 
fairly well known to experienced employees who have seen men 
hurt when the safety rules were not followed, and who, therefore, 
are likely to avoid the unsafe practices with reasonable care. 
But the new employees, who often do not know what the unsafe 
practices are, are likely to endanger themselves not because they 
are essentially careless or foolhardy, but simply because they do 
not know how to be safe. 

Posters and placards may help the new employee to some ex- 
tent, if the posters tell him specifically what to do and what not 
to do, and 7f he reads the posters and remembers what he reads. 
But too often posters simply show an accident and, in large type, 
say “Be Careful.” Now we can be assured that no employee, old 
or new, will voluntarily hurt himself. The degree of carefulness 
of every employee is determined by (1) what he knows of safe 
and unsafe practices, and (2) how important he thinks it is to 
follow his knowledge on the subject. In other words, some 
employees follow unsafe practices because they actually do not 
know any better. The need in such cases is for specific informa- 
tion on what to do and what not to do. A systematic and com- 
prehensive series of conferences covering this specific information . 
is a much more effective means of informing the employees than 
is the chance and casual learning obtained from posters or from 
observations that employees may (or may not) make. Once the 
information has been given to the employees, still further educa- 
tion is necessary to make sure that they believe as well as know 
that certain practices are unsafe. 


Personal protection 


The use of recommended safety measures, such as safety gog- 
gles and safety shoes, might be considered primarily as physical 
rather than psychological equipment, if it were not for the fact 
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that the use an employee makes of such safeguards is so often 
determined by his own personal beliefs, attitudes, and, some- 
times, prejudices. Many men believe that safety goggles are 
unnecessary even on jobs that are demonstrably dangerous be- 
cause “they have never had an accident.” This is one instance 
in which neither management nor employees can safely follow 
the adage that experience is the best teacher. Those who wait 
for experience to teach them that goggles should be worn to. 
protect their eyes may have no eyes to protect after they have 
learned the lesson. The adequate utilization of safety measures 
requires not only that such measures be made available to the 
employees but also that the employees be educated in the use 
of these measures and convinced of their value. It is just as 
much a part of management’s job to insure the success of the 
educational part of the program as to supply the safety measures. 

Job analysis and accident records often reveal that employees 
on certain jobs are particularly liable to visual injury. However, 
until such studies have been made, management is not always 
aware of the particular departments or jobs in which a visual 
hazard is most likely to exist. Table XXXIV shows a break- 
down by departments of the relative frequency of seven different 
types of minor injuries experienced during two years by approxi- 
mately 9000 employees in a steel mill. It was noted that in 
one of the ten departments, Department 7, visual injuries were 
more frequently experienced than any other type of accident. 
In eight of the ten departments visual injuries were second in 
frequency, and in one department the visual injuries were third 
in order of frequency. For the plant as a whole, eye injuries 
were second in importance, being exceeded in frequency only by 
cuts and bruises. Many of the eye injuries reported were of 
course of a minor nature, perhaps involving little more than 
careful removal of a foreign body from the eye. However, even 
injuries of this nature would be better prevented, for they in- 
volve not only loss of time for the employee and the company 
but also the possibility of serious complications requiring com- 
pensation and rehabilitation. 

Influenced by such evidence as that presented in Table 
XXXIV, many industries have adopted a mandatory safety- 
goggle program. Such a program requires the wearing of safety 
goggles by everyone in the plant at all times and regardless of 
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his job. The experience of organizations that have adopted 
such a program, such as the Pullman Company,” has been 
highly favorable. Indeed, these companies report a marked 
financial saving that is directly traceable to the reduction in eye 
accidents effected by the safety-goggle program. 


Immediate attention to injury 


Management finds it a paying proposition to be sure that 
every injury, no matter how slight, receives prompt and ade- 
quate attention. It is not enough to have hospital or first-aid 
service available for an employee to make use of if he wishes to 
do so. Means must be found to insure his making use of such 
facilities. Very often factors that have been totally overlooked 
by management effectively prevent many employees from taking 
advantage of available first-aid facilities. In one mill, for exam- 
ple, two machine shops contained identical machinery, employed 
approximately the same number of men, and turned out the 
same kind of work. An analysis of the accident records at the 
end of a year showed that the employees in one of these shops 
averaged 1.73 hospital visits per man for the year, whereas the 
employees in the other shop averaged only 1.10 hospital visits 
per man for the same period. So great a difference in the appar- 
ent hazards of the two shops was entirely unexplainable in terms 
of the men, the work, or the shops themselves. After much 
thinking about the problem, it was remembered that the hos- 
pital in which first aid and treatment were administered was 
next door to one of the machine shops but was about five hun- 
dred yards from the other. The men in the shop close to the 
hospital took advantage of the service in nearly 60 per cent 
more cases of minor injury than did employees in the more dis- 
tant shop. The solution to this problem is one of educating the 
employees in the latter shop to walk five hundred yards to 
receive treatment when treatment is needed or one of locating 
another emergency first-aid station closer to these men. Man- 
agement should not and cannot take the point of view that the 
service is there and that employees who do not take advantage 
of it are on their own responsibility. Management must see © 
that the service is utilized if a satisfactory safety record is to 
be obtained. 


26 H. Guilbert, “No One Enters This Plant Without Goggles,” Factory Manage- 
ment and Maintenance, XCVI (1988), pp. 83-85. 


12 
Attitudes and Morale 


IN an army, a school system, or an industrial plant there is no 
substitute for morale. The main difference between men and 
machines is that the productivity of a man is determined very 
largely by the way he feels about his job and his attitude toward 
the company that employs him. There is an old saying that 
loyalty has no price. One can hire “‘hands” but the “hands” are 
of little value if the man who owns them feels that he is not 
being treated fairly by the management. ; 

The very use of the term hands in referring to employees re- 
flects a mistaken viewpoint by management, as man’s hands 
alone are never hired. The whole man is always hired, and the 
whole man brings to work a good many things besides his hands. 
He brings the effects of too many or too few spankings as a 
child; of whether he won or lost in last night’s card game; of 
whether his wife sent him to work with a scolding or a kiss; of 
whether or not the company ‘‘docked” his wages when he was 
home last week with a sick child. Such things as these are of 
vital importance in determining an employee’s real value to a 
company. And such things as these, considered together for the 
whole working force, determine the morale of an industrial plant. 

Morale cannot be legislated or induced by logical argument; 
neither can it be bought for a price. The employees of many 
industries with wage scales above average for the locality are 
constantly bickering because they feel that “they are not being 
treated fairly by the company.” Management has often made 
the mistake of assuming that high wages and short hours are 
what men want most from their jobs. Acting on this assump- 
tion, management has often made an effort to remedy the situ- 
ation by raising wages still higher or shortening the hours of 
work, or both. And then management has been amazed by a 
continuation of the discontent and often has been quite unable 
to understand why the men do not return happily to work. 

313° 
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Nor has the lack of understanding what men really want from 
their jobs been limited. to management. Many employees are 
themselves unaware of what is needed to make them satisfied 
with their jobs. This does not mean that the employees are 
unintelligent or that they have any special disability to analyze 
their true motives. It simply illustrates a. well-established 
principle of normal human behavior, namely, that it is difficult 
for anyone to identify in clear and unmistakable terms the forces 
that underlie his feelings and his actions. Everyone has ob- 
served the employee who, under one supervisor, continually 
sulks on the job because “the company doesn’t pay him what he 
is worth,” and, under another supervisor, works in a contented 
and industrious manner for exactly the same wage. It is not 
unusual to watch a man’s attitude shift from one of chronic dis- 
content to one of complete satisfaction following a shift from a 
job of low status to one higher in this intangible quality, even 
though the change in jobs involved no appreciable increase 
in wages. 

Every impartial study of what industrial employees want 
from their jobs has shown that many things besides high wages 
and short hours are desired. Such studies have shown, also, that 
some employees consider these other things even more important 
than wages and hours. 


What Men Want from Their Jobs 


Typical of studies on this subject is one by Houser,! who 
found that the nonselling employees (including unskilled labor) 
of a large merchandising organization considered the factors 
shown in Table XXXV to be the things they wanted from the 
company. The order in which these factors are listed in Table 
XXXV shows the relative importance attached to the factors by 
the employees.” It is interesting to note that the employees of 
this company ranked the items concerned with pay twenty-first 
and twenty-second in importance. 

Though studies of other employees in other plants do not con- 
sistently show the financial incentive to be so far down the list 
as it appears in Houser’s study, other studies do almost univer- 


J. D. Houser, What People Want from Business (McGraw-Hill Book Com- 
pany, 1938), p. 29. 
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TABLE XXXV 
RELATIVE IMPORTANCE OF 28 FACTORS TO THE NONSELLING EMPLOYEES OF A 
LARGE MERCHANDISING ORGANIZATION 


Rank 
Receiving help necessary to get results expected by management.......... ad 
Being encouraged to offer suggestions and try out better methods.......... 2 
Beanvagoiocormnd out; whether work is improving? osc 00 62! icles «ie hence o 0 5) 
Reasonable certainty of being able to get fair hearing and square deal in 
Be SE LO TAR) CIB oc oe! cs viaceie fora in'' de evista. 6 He aia SIC Re ME Cee Ue HS EO alg ba bs 4 
Certainty of promotions going to best qualified employees....).........6. 5) 
Encouragement to seek advice in case of real problems...............00%5 6 
Being given information about important plans and results which concern 
Umer CURT RIV ON Kec) <5 cto! oi.g «Jospin 64:01 4.0 «lao RI Pe od eked OogianG: Fan alas 4 aoe ss 7 
Being given reasons for changes which are ordered in work............... 8 
Nopueine sewuaily hampered’ in work by SuperlOrs. .2ce 6. 0a ob a see 8 g 
pe ar ncoutracictory or conflicting orders...3is sec 2b so sale GOs oo de Deas 10 
Being given to understand completely the results which are expected in a job 11 
Pay sSSurence OF ANCTEASES MUNENW GESETUCE 6.5 i056 bo is Vhs eee ee oc was 12 
Being invited to offer suggestions when new plans are being considered..... 13 
Feeling that superior understands all about the difficulty of the individ- 
HOES OA Sir Sar Eg RR SOR RC a OA 14 
Being given to understand completely the general methods which the su- 
Be anys OLIGO WOU ciety ol cit ale} civil 6) ee 6's « 0; 6ha.e we RGA le e-arelec0 «: fare: of aathe able 15 
Complete definition of duties.......... EERO eo re ae oe 16 
Not being responsible to too many superiors..... A Oe a eek 1% 
Knowledge of other jobs in the organization which the individual feels 
Papen eOrenanimOr eg mite WOUlD sPTOLeMs 6 6.5 oie oe wives as sels s bis » 0 ai ace ieies hs 18 
Knowledge of other jobs. preferred, even at same Ppay.........eesseceevas ay 
Hea tape im the orvanization, preventing best. work?. 2.00% 6. eee ees de ws 20 
Pay—compared to that of other jobs of equal importance in the. organization 21 
Pay—compared to that of similar work tm other organizations. .......0006 22 
eee Ure MMDC ING CIIPIOVEU. oie o's. <a a.e 6s éoaieieve w/60d of eies « n'a flare siete a @wies oe 23 
Rate) OP mNIMOS OL eg ITO MLOCIOM . foi 5.165 .o°6: «gs Wipedengls Side alo 6) 6.039) glalele w sus 6 ece oie 24 
re mOe ential I CNeTIb eACSOCIAUION. ¢ , |. 0... soo vei sve osciee cca seins 84 on oe es 25 
Being permitted to make important decisions in work................e000. 26 
eee ey i eA OUMt OEY OLLI ate, ols os) </0!e! é\a''o.s #1 sisi ec1e 4 8 014 0 ws Siejeiels so vis eels 27 
re Me CHC DONE IO DG ia o's oe «0:00 «50s © op etiegelols e/uie seis wisielefes «<0 lei sue 28 


sally show other factors to be of significant importance. Her- 
sey,” in a study of union and nonunion employees, found that 
fourteen factors were considered ‘most important” by the per- 
centages of employees tabulated in Table XXXVI. 

Hersey did not find the financial aspect of the job to be quite 
so unimportant, In comparison with other factors, as did Houser 
in his study. Yet Hersey did find two things of importance. 
First, he found that amount of pay was not considered most 
important by most employees in either the union or the non- 
union group. “Steady employment’’ was checked by more em- 


2R. B. Hersey, “Psychology of Workers,” Personnel Journal, XIV (1936), 
pp. 291-296, 
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TABLE XXXVI 


PERCENTAGE OF UNION AND NONUNION EMPLOYEES WHO CONSIDERED THE LISTED 
IreMs AS “Most ImporTANT” AMONG FACTORS RELATED TO THEIR JOBS 


Per Cent of Union Per Cent of Non-Union 
Employees Checking Rank of Employees Checking Rank of 
Item as ‘'Most Item Item as ‘Most Item 
Important’ Important’’ 

1 Employee stock subscription... 5 11.5 2 13.5 
2 Voice or share in management. 13 9.5 6 9 BANG, 
3 Fair adjustment of grievances. 80 1.0 24 7.0 
4 Chance of promotion ........ 28 6.0 47 3.0 
D> Steady employment... ws os 65 2.0 93 1.0 
6 Medical and dental service.... 0 13.5 6 11.0 
Tog ROENC Ge such. Ge locket wi aneuuete elena te 57 3.0 21 9.0 
S Amount Of Pay “aed sate ata 49 4.5 51 2.0 
9 Working ‘conditions is... tas <6 49 4.5 45 4.0 
LO) TROURGS ORANVOTIC: on <¢ cei ehe ¢ syauete 13 9.5 23 8.0 
11 Type of ¢manvin charge )).).\.0 4.4 18 7.5 38 5.0 
iZuiMethods* ol Paye.\ic sees one 0 13.5 2 13.5 
13 Insurance systems and pensions 18 7.0 noe 6.0 
14 Chance to show intiative ..... es) 11.5 6 11.0 


ployees as a most important factor in both groups and, in the 
union group, the factors of “fair adjustment of grievances” and 
“safety” also outranked “‘amount of pay.” Second, Hersey 
found that still other factors, though admittedly of somewhat 
lesser importance than amount of pay to the majority of em- 
ployees, are considered of first importance by a sufficiently 
large percentage of employees to justify definite attention 
by management. 

Another investigation dealing with the factors that appeal to 
factory workers has been reported by Wyatt, Langdon and 
Stock.’ In this study, ten factors were ranked by the 325 em- 
ployees in the order of importance shown in Table XX XVII. 

TABOH XX XVIL 
RANKING OF TEN ITEMS IN ORDER OF IMPORTANCE BY 325 FacToRY WORKERS 


Rank Factor 


1 Steady work 

Comfortable working conditions 
Good working companions 

Good boss 

Opportunity for advancement 
High pay 

Opportunity to use your ideas — 
Opportunity to learn a job 
Good hours 

10 Easy work 


© OND OP Co DO 


In this report, as in those mentioned before, many factors be- 


38. Wyatt, J. N. Langdon, and F. G. L. Stock, “Fatigue and Boredom in 
Repetitive Work,” Industrial IHealth Research Board, Report 77 C1987) 
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sides those of a monetary nature are considered of real impor- 
tance by the industrial employees studied. 

Hoppock * has published the results of an interesting investi- 
gation into the problem of job satisfaction and the conditions 
that favor it. In one part of the study, eighty persons represent- 
ing a wide range in age, intelligence, occupations, and earnings 
were interviewed. From these results Hoppock states that no 
conclusions are drawn except “that what happened in these cases 
can happen.” However, the interview case studies corroborate, 
the general conclusion reached above, that is, (that job satisfac- 
tion is related to a good many things besides financial return. 
Some of these factors, as summarized by Hoppock, are “relative 
status of the individual within the social and economic group 
‘with which he identifies himself, relations with superiors and 
associat, nature of the work, earnings, hours of 


s Sea ° 
work, opportunities for advancement, variety, freedom from 


close _supervisi isible results, the satisfaction of doing good 
work, opportunities for service to others, environment, freedom 
to live where one chooses, responsibility, vacations, excitement, 
opportunity for self-expression, competition, religion, opportu- 


nity for or necessity of traveling, fatigue, appreciation or criti- 
cism, security, and _ ability to adjust oneself to unpleasant 


circumstances.” : 

These studies should not be interpreted by management as 
meaning that the average employee has no interest in his pay 
check or that he wants to be “fathered” or “mothered” or in any 
other way made the beneficiary of a paternalistic system. The 
average employee wants to take care of himself. He does not 
want the company to pay his medical or dental bills (see item 28 
in Table XXXV and item 6 in Table XXXVI), nor is he par- 
ticularly interested in being given a voice in the management of 
the plant (see item 26 in Table XXXV and item 2 in Table 
XXXVI). He wants the opportunity to do a job for a reason- 
able wage, to have an impartial hearing if he thinks he has been 
treated unfairly, and to be reasonably sure of holding his job as 
long as his work is satisfactory. In one investigation,° the last- 
mentioned point, job security, was found to be more important 


4R. Hoppock, Job Satisfaction (Harper & Brothers Company, 1935). 
5D. McGregor, “The Attitudes of Workers Toward Layoff Policy,” Journal of 
Abnormal and Social Psychology, XXXIV (1939), pp. 179-199. 
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than any other factor. These are the things that must be con- 
sidered Ly management if employee morale is to be kept on the 
high level tnat efficient plant operation requires. 


The Measurement of Morale 


Morale cannot be weighed on a scale, like a pound of butter; 
it cannot be iueasured with a rule, like a strip of carpet; it can- 
not be gauged with a thermometer, like the temperature of a 
room. Yet, though it is intangible, it can be measured. Thorn- 
dike long ago pointed out that whatever exists, exists in some 
amount, and whatever exists in some amount can be measured. 
Certainly morale does exist. It is a characteristic of a group of 
employees that makes for success or failure of the plant as a 
business enterprise. Until recently, management attempted to 
keep in touch with the morale of the working force only through 
such factors as chance remarks by employees, appearance and 
behavior of the men at work, and occasional reports by super- 
visors. ‘These methods were none too satisfactory. It is one 
characteristic of an employee whose morale is poor that he is 
likely to keep his attitude to himself, particularly if he feels that 
he personally is likely to be identified with a condition of dis- 
satisfaction. Therefore, if morale is to be gauged or measured, 
means must be found to encourage employees to express their 
honest feelings and reactions. The most satisfactory method of 
doing this is by means of an anonymous attitude survey or labor 
audit. Such a survey makes use of a questionnaire adapted to 
the needs of the investigation. The employees are asked to 
check such a questionnaire and drop it in a ballot box. No one 
knows how any particular employee checked the questionnaire, 
but from the average results, a comprehensive picture of general 
employee reactions is often obtained. 

A typical example of an attitude scale that may be used to 
determine the general attitude of employees toward their com- 
pany is shown in Table XXXVIII. This scale is taken from an 
article by Bergen. The theory of such scales and detailed in- 
structions for their construction have been described by Thur- 
stone and Chave.” Such a scale requires that numerical values 


6H. B. Bergen, “Finding Out What Employees Are Thinking,” The Conference 
Board Management Record, April, 1939. 

7L, L. Thurstone and E. J. Chave, The Measurement of Attitude (University of 
Chicago Press, 1929). 
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‘be found for each of a series of statements that express a thought 
(favorable, unfavorable, or indifferent) about the subject of the 
attitude survey. 


TABLE XXXVIII 


STATEMENTS USED IN BERGEN’S SCALE FOR MEASUREMENT OF ATTITUDE OF 
EMPLOYEES TOWARD THEIR COMPANY 


Scale Value 


I am made to feel that I am really a part of this organization........ 9.72 
I can feel reasonably sure of holding my job as long as I do good work 8.33 
Tecan usually find out‘how I stand with my boss...2.........6.0.065 7.00 
On the whole, the company treats us about as well as we deserve...... 6.60 
I think training in better ways of doing the job should be given to all 

eee Oiee sar) PC emCOMUDAIN Ie ec. cee ia ote ew tee ee 6 ois oa anion ns 4.72 
I have never understood just what the company personnel policy is... 4.06 
In my~job I don’t get any chance to use my experience...........+.... 3.18 
eaianeversnnd Out How. stand With My DOSS... 6.6.00. sees 600 viene os Par sire 
A large number of the employees would leave here if they could get as 

TENS Oe UE gael h sy Ras ec aero AIS) os halo be. 0s eval «aoe. evarsuadeciely Sipbags 1.67 
I think the company’s policy is to pay employees just as little as it can 


POUMAWEY? (WICH ctegtottsrs cms. 6 vee pid otis ee Re Fae a vcthtcss «ETRE oe. ate alee 80 


The numerical values assigned to the statements in Table 
XXXVIII are not determined arbitrarily. They are obtained 
from a careful series of experiments conducted during the con- 
struction of the scale. In the scale construction, the first step is 
to write out a large number of statements, perhaps a hundred or 
more, each of which expresses a viewpoint of some kind toward 
the company. An effort should be made to have these state- 
ments express all possible attitudes from extremely favorable to 
extremely unfavorable. Each of these statements is typed _on_a 
separate slip of paper ent a Sudae is pekeioslaie cach stale judge 1s asked to-plac 
mentin_one of ten piles, ranging from statements showing the 
least favorable viewpoints, in pule-one, to statements expr 
the most favorable viewpoints, in pile Go are 
allocated all statements, a tabulation is made of where he 
placed each one, and the statements are shuffled and given to 
another judge. This procedure is repeated until the statements 
have been separately allocated to the various piles by approxi- 
mately one hundred judges. It should be emphasized that the 
hundred judges used as described above are assisting in the con- 
struction of the scale. They are not having their own attitude 
measured. ‘To measure attitudes with the scale is not possible 
until the scale has been constructed, and the allocation of state- 
ments to the several piles is a part of the process of construct- 
ing the scale. 
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The purpose of the allocation is to determine the scale values 
of the various statements. If all judges tend to place a state- 
ment in piles toward the favorable end of the continuum, we 
may safely conclude that that statement expresses a favorable 
attitude toward the company. If a statement is generally placed 
by the judges in piles toward the unfavorable end of the series, 
we may likewise conclude that an unfavorable attitude is ex- 
pressed by that particular statement. The scale value of each 
statement is thus determined by finding the average pile in 
which it is placed by the judges. By starting with many more 
statements-than need be retained for the final attitude scale, it 
is usually possible to pick from ten to fifteen statements that are 
spread over the entire attitude range. The statements so se- 
lected, together with their scale values as shown in Table 
XX XVIII, comprise the final material for the attitude scale. 

One might think that the attitudes or feelings of the judges 
who are used in the construction of the scale would have an 
effect on the scale values obtained. In other words, it might be 
felt that one set of scale values for a series of statements might 
be obtained if the judges were, in general, favorable toward the 
company, while a different set of values might be obtained if the 
judges in general were unfavorable or indifferent toward the 
company. ‘This possibility has been subjected to experimental 
test, and it has been found that the attitudes of the judges do 
not significantly affect the scale values obtained from them.® 
This fact increases the possibilities of use for such scales in in- 
dustry because it often happens that the persons who are most 
conveniently available for use as judges in constructing a scale 
may be more favorably disposed toward the company than cer- 
tain groups of employees with whom the scale is to be used 
after it is constructed. 

In the practical administration of an attitude scale, state- 
ments are printed on a sheet in random order, without the scale 
values appearing in Table XXXVIII. Each employee is given 
one of these sheets and is requested to check all statements 
that he agrees with or believes to be true. The sheets are then 
turned in without being signed. The attitude of an employee 
toward the company is defined as the average scale value of the 


8E. D. Hinckley, “The Influence of Individual Opinion on the Construction of 
an Attitude Scale,” Journal of Social Psychology, III (1932), pp. 283-296. 
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statements he has checked. For example, an employee check- 
ing statements one, three, and five of those shown in Table 


XXXVIII would have an attitude of RA LON EE On wip: 


On a scale of ten (ten being the most favorable end and zero the 
least favorable end) an attitude of 7.15 would be one somewhat 
toward the favorable end of the scale. On the other hand, an 
employee checking statements seven, eight, and ten would have 


an attitude represented by-3:18 + 2.77 + 80 oy 2:25; 7; This 


would be a much less favorable attifide toward the company 
than the one described above. 

The attitude scale reproduced in Table XX XVIII is a no 
means the only set of statements that might be constructed to 
fulfil the requirements of a suitable scale. Uhrbrock,*® in a com- 
prehensive study of the attitudes of 3934 factory workers, 96 
clerical workers, and 400 foremen, used a different scale, but one 


TABLE XXXIX 


STATEMENTS USED IN UHRBROCK’S SCALE FOR MEASURING ATTITUDE OF 
EMPLOYEES TOWARD THEIR COMPANY 


Scale 

Statement Value 

I think this company treats its employees better than any other company does 10.4 
If I had to do it over again Id still work for this company...../.......... 9.5 
PMey sui e Dinv. tavetites 1H) TAIS. COMPANY. occ. c's s ow eee ooo cite Mas 0s Bees i) 
Aamenical Seb ahead inethis-company if he tries..1.05 085 oss en cik ais 68> «ors 8.9 


I have as much confidence in the company physician as I do in my own doctor 8.7 
The company is sincere in wanting to know what its employees think about it 8.5 


A wage incentive plan offers a just reward for the faster worker........... Gd) 
On the whole the company treats us about as well as we deserve............ 7.4 
I think a man should go to the hospital for even a scratch, as it may stop 

RO Viet SATO ei ets rae 64. ©! ohn 6 eile WR Rls a wk a oid wie piat'eNoue gyno valid) > Sigs eis “or'e 6.3 
I believe accidents will happen no matter what you do about them......... 5.4 
The workers put as much over on the company as the company puts over 

MR LOT Los ot rtee eu eels eh aLoteke tetera pes. & srs Dolehiel en oitee’s els lgya/eyb iad #.405,s 04s ereke. «js e: 3 5.1 
iiercompany does too much welfare, WOrK 66. .s so oe cea ee ka teem ees Sole teas 
eeteeeeer Oe GEG IE 10) 1 ATCT ORSINI), ode), Sie: s: aly Sle nile o'etese sie Bitte ol « ie lele ib ede ose 4.1 
I do not think applicants for employment are treated courteously.......... 3.6 
I believe many good suggestions are killed by the bosses..........0...006. 3. 
My boss gives all the breaks to his lodge and church friends............... 2.9 
I think the company goes outside to fill good jobs instead of promoting men 

AMM MUTE ROL gays [atecakie UtcEMEME Taal a: oie oo. swipe ovo 9 dks vi oelelalp. « ici e'a B e000 8 ip. 2.5 
You’ve got to have “pull” with certain people around here to get ahead..... 2.1 
In the ‘lone run this company will “put it over” on you. 0.0)... eee. cee ais 1.5 
The pay in this company is terrible.......... CE i eo COR EE CP 1.0 
Pe HeeG ay stable Ay Pee COMPRDN cc «<4 oo 90.65 546 tice scl d ile bre 2 sib’ so! oe oie oh 0.8 


9R. 8. Uhrbrock, “Attitudes of 4430 Employees,” Journal of Social Psychology, 
V (1934), pp. 365-377. 
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constructed as explained above to measure the general attitude 
of employees toward the company. Some typical statements, 
with their scale values from Uhrbrock’s scale, are reproduced in 
Table XX XIX. | 

The fact that scales such as those illustrated in the Tables 
XXXVIII and XX XIX may be used independently to measure 
the attitude of employees toward their company illustrates sev- 
eral points concerning the use of such scales. It will be noticed 
that the statements comprising the two scales are not the same, 
yet both scales measure essentially the same thing. Thus, the 
use of such scales does not require including any specific state- 
ments which, from an industrial relations viewpoint, might seem 
undesirable. A scale can be “tailor made” for a given plant and 
deliberately kept free of statements that may seem to pack dyna- 
mite without sacrificing the validity of the scale. The use of 
different statements in scales measuring the same attitude also 
facilitates checking of results by a repeat test in order to be sure 
of conclusions reached and to measure the effectiveness of sys- 
tematic company efforts to improve employee morale. 

Attitude scales are not perfect instruments for the registering 
of employee feelings, but they are considerably better than 
guessing or relying on chance (and often biased) individual 
reports. 


Factors Affecting the Attitude of Employees 


Attitude scales are of no practical value unless investigations 
making use of this technique are successful in identifying factors 
that affect employee morale and point the way toward changes 
that may be instituted by management to improve morale. A 
number of investigations of this type have been conducted and 
several determining factors have been isolated. Some of these 
can be easily changed by management; others are more difficult 
to modify. In any event, a statement of those factors that have 
been found to influence employee morale will indicate something 
of the value of this method as a tool by means of which manage- 
ment may keep in touch with the pulse of employee feelings 
toward the company. 


_ Job or rank of employees 


In Uhrbrock’s study *° it was found that foremen are more 


10 Ibid. 
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favorably disposed toward the company than are clerks, and 
clerks more favorably disposed than are factory workers. The 
distributions of attitude scores for the three groups are shown 
in Figure 90. This finding is in accord with what one might ex- 


80 
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wesoaee CLERKS 96 68 
——FOREMEN 400 7. 
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Fic. 90—Distribution of attitude toward the company of three groups of employees. 


pect, and it may be considered as an added indication of the 
validity of the attitude-scale method of measurement. Many 
companies have employees on jobs that lack status. The identi- 
fication of such jobs and the means of improving morale of the 
employees assigned to them is one practical value of an attitude 
survey. Often a marked improvement of morale can be effected 
by a slight change in job status. Super™ has found that the 
amount of change in status is of little importance in effecting 
an increase in job satisfaction, but the direction of change is of 
vital importance. Those departments having employees whose 
morale would be helped by such measures can be readily identi- 
fied by means of an anonymous attitude survey, provided only 
that the employees identify their department and job. 


Success of the employee 


The old maxim that “nothing succeeds like success” applies to 


11D, E. Super, “Occupational Level and Job Satisfaction,” Journal of Applied 
Psychology, XXIII (1939), pp. 547-564. 
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employee morale. Those employees who are doing a job well and 
are made to feel that they are doing a job well have good morale. 
If they are failing, or made to feel that they are failing, morale 
suffers. For high morale to exist, the job does not have to be one 
of vital importance to the plant. It can be quite an ordinary 
job and yet accomplish the desired result. In other words, it is 
not so much the job as how the employee feels about it and how 
the boss regards the employee that determines the latter’s mo- 
rale. Glen Gardiner ** has given an excellent illustration of this 
principle: 


Riding on a freight elevator with the superintendent of the U. S. 
Gypsum Company on Staten Island, I was impressed by this incident. 
As we stepped on the-elevator the superintendent said, “I want to: 
introduce you to Tony who has been running this elevator for more 
than eight years and has never had a single accident of any kind, 
which is a record we’re proud of.” 

The way Tony grinned and stuck out his hand made one realize 
that he appreciated the credit being given him and that he was 100 
per cent sold on the idea of running that elevator for many years to 
come without any accidents. , 


Comprehensive statistical studies have been made which show 
that the morale of the suecessful employee is better than that 
of the employee who is struggling with his job. For example, 
Kolstad * found that the morale scores of low-selling employees 
in a department store were significantly lower than the corre- 
sponding scores of the high-selling employees. It seems clear 
that employees should not be placed nor kept on jobs in which 
they are unable to achieve a reasonable degree of success. 


Supervision 


Everyone recognizes the fact that a man may work con- 
tentedly for one boss and complain bitterly when asked to work 
for another. Probably few things exert so unfavorable an effect 
on employee morale as the blustering, bully type of “straw boss.” 
_ This has been emphasized by McMurry ™ and it is attested by 


12 Glen Gardiner, “Reaching the Individual Worker,” Address before the Second 
Annual Greater Philadelphia Safety Congress, May 27, 1935. 

13 A. Kolstad, “Employee Attitudes in a Department Store,” Journal of Applied 
Psychology, XXII (1938), pp. 470-479. 

14R. N. McMurry, “So You Handle People,” Soctety for the Advancement of 
Management Jowrnal, II (1937), pp. 168-172. 
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the personal experience of everyone. In the past, management 
has too often selected the supervisor from the working group 
primarily because the man chosen was a good worker or a high 
producer. We now know that ability to produce well on the job 
is no guarantee whatever of ability to supervise other men on the 
job. The supervisor chosen because of his production record is 
as likely as not to be a failure in handling men; and we might 
add that he will almost certainly fail unless he is given specific 
training in how to handle men. Industry today recognizes this 
situation and is not only considering many factors besides pro- 
duction ability in promoting a man to a supervisory position, 
but also is training supervisors in the solution of problems 
unique to the supervisory job. Evidence shows that when su- 
pervisors and others in positions of authority are correctly 
trained, the guidance which they may give has a favorable effect 
on employee morale.” 


Working conditions 


Employee morale is lowered by unfavorable working condi- 
tions. This situation is the more serious because often the em- 
ployees who are affected are unaware of the true cause of their 
grouchiness and dissatisfaction. Collier*® has pointed out a 
number of specific relationships found between reactions of em- 
ployees and the physical working conditions of several jobs. 
He states that the feelings of uneasiness and unrest found among 
spray painters were removed by the installation of a new air ex- 
haust. He also found that the presence of methylene chloride 
produces bad temper, irritability, and sleeplessness. Needless to 
say, the employees so affected were unaware of the real cause of 
their mental discomfort and therefore probably tended to at- 
tribute their feelings to imaginary causes. Other effects reported 
by Collier were that mercury produces irritability, anxiety, de- 
pression, and sleeplessness, while manganese produces languor, 
lethargy, muscular cramps, and abnormalities of gait. 

These findings indicate that the physical surroundings of a 
job may result in a general lowering of employee morale in a 


15 J, F. Murphy, O. M. Hall, and G. L. Bergen, “Does Guidance Change Atti- 
tudes?” Occupations, XIV (1936), pp. 949-952. 

16H, KE. Collier, “The Mental Manifestations of Some Industrial Tllnesses,” 
Occupational Psychology, XIIT (1939), pp. 89-97. 
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way which is not revealed by ordinary questioning of the men. 
Questions, or better still, an attitude survey, will reveal the low 
morale, but it will not identify the cause. The conclusion we 
may draw is that when an unfavorable morale condition is found 
to exist, it 1s Wise to examine carefully the physical surroundings 
to determine whether some unnatural condition may be at fault. 

Some evidence indicates that a deliberate effort to create fa- 
vorable working conditions (as opposed to the elimination of 
definitely unfavorable surroundings) will be followed by an im- 
provement of morale. For example, Tindall” reports that the 
presence of music on the job speeds up production, improves 
morale, pacifies labor unrest, creates good will, lessens labor 
turnover, and reduces errors. While the several favorable effects 
found in this study suggest the desirability of keeping the work- 
ing conditions as pleasant as the nature of the work will permit, 
we should hardly conclude that the use of music is either possible 
or desirable in all instances. In many cases (namely, in a steel 
mill) music would be out of the question, because the general 
noise level is so great that no one could hear it. 


Salary reviews and praise 


A fact not realized by many hopeful college graduates is that 
it is entirely possible for an employee to become lost and buried | 
in a large industrial plant, even while he is doing his job well. 
Indeed, the very fact that he is doing a routine job well may 
prevent him from being brought to the attention of anyone who 
has the authority to promote or demote him. Obviously, the 
permanent or semipermanent location of an employee on a job 
from which he hoped to advance is not conducive to high morale. 
Many industries are solving this problem by a scheme for sys- 
tematically reviewing, at stated intervals, the job and salary of 
every employee. Such a scheme does a great deal to prevent a 
capable employee from being “lost in the mill.” The advisabil- 
ity of such a scheme has been stressed by Shepard *® in his em- 
phasis of the fact that workers are happier as well as more 
valuable if they are praised and given regular salary reviews. 


17G@, M. Tindall, “Rhythm for the Restless,” Personnel Journal, XVI (1937), 
pp. 120-124. 

18 J. L. Shepard, “Recognition on the Job,” Personnel Journal, XVI (1937), 
pp. Litto. 
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~The matter of praise, also, is sometimes given too little con- 
sideration by management and supervision. If we are willing, 
temporarily, to oversimplify a very complex problem, we might 
say that there are in general two ways of motivating people: to 
praise (or reward) for doing the desired thing, and to reprove (or 
punish) for doing the wrong thing. Much thought and consid- 
erable experimentation have been concentrated on this problem 
in an effort to determine which of these methods of motivation 
achieves the best results. Unfortunately, a general conclusion 
that is universally applicable in all situations has not been 
reached; but the preponderance of evidence clearly favors the 
praise over the reproof method. This was the conclusion reached 
by Hurlock *° in her studies of learning in school children, and 
there seems to be every reason for expecting the results to apply 
in a general way to the behavior of industrial employees. One 
should not infer from Hurlock’s study that praise is always su- 
perior to reproof or that reproof should never be used. Her in- 
vestigations, indeed, show that reproof for failure accomplishes 
better results than no comment at all. And in practical situa- 
tions, it seems obvious that situations arise which clearly call 
for some kind of reproof. The general principle that we em- 
phasize here is that praise and rewards are in many (if not most) 
cases more potent than reproof as a motivating factor and will 
almost always have a better effect on employee morale. Super- 
visors will do well not only to know this, but to use it in their 
day-by-day operations with their men. 


Wage payment methods 


Entirely aside from the amount of money earned by an em- 
ployee, the method .by which his wage is computed may be a 
source of employee complaint. Wage incentive plans are ordi- 
narily installed for the purpose of motivating the worker to 
reach a reasonable output and at the same time of rewarding the 
employees who reach such an output in proportion to the actual 
amount of work done. A discussion of the various wage incen- 
tive plans in use by modern industry does not fall within the 
scope of this volume; but it should be said here that such plans 
are often somewhat complicated in operation and are therefore 


19K. B. Hurlock, “An Evaluation of Certain Incentives Used in School Work,” 
Journal of Educational Psychology, XVI (1925), pp. 145-159. 
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not always understood completely by the employees who are af- 
fected by them. An employee wants to know how to figure his 
own check. If no one has explained the wage payment plan to 
him, or if it has been explained but he has not understood the ° 
explanation, he is very likely to be suspicious of the whole sys- 
tem. An employee who figures that the company owes him 
$26.60 but who receives a check for only $26.50 is disgruntled ° 
out of all proportion to his imagined loss of ten cents. When 
management installs a wage incentive plan, the job is only half 
done; there remains the job of explaining the plan to the em- 
ployees who are to work under it, of being sure that they wnder- 
stand it, and of selling it to them. Modern management no 
longer tells its employees, ““This is the way we are going to do it, 
and you can like it or quit.”” Management today realizes that it 
is good business to help every employee to feel that he is part of 
the business. ' Such a feeling cannot be developed if an employee 
cannot even compute his own pay check. 

A wage incentive plan is usually based upon a job analysis of 
the various jobs so that equal skill, industry, and effort on the 
different jobs will be. paid equally well. Such job analyses 
always involve some subjective element. in rating the different 
jobs; and it is a rare case where the first installation of a wage 
incentive plan is not found to contain a few jobs that are “out of © 
line,” that is, are set too high or too low in comparison with other 
jobs. It is very important to keep a constant lookout for such 
cases and to correct them at the first opportunity. Both in fac- 
tory work and office work, jobs that are “out of line” in rate or 
salary are a significant source of employee unrest.?° 


Other factors affecting morale 


Several other studies have identified still additional factors 
which, at least in certain cases, have an effect on employee mo- 
rale. In Uhrbrock’s investigation it was found that the attitude 
toward the company of the male employees was significantly less 
favorable than that of the female employees. Apparently some 
factor, or combination of factors, which had been unnoticed by 


20 H. B. Bergen, O. E. Haines, L. G. Giberson, F. L. Hallock, and C. 8. Coler, 
“Attitudes and Emotional Problems of Office Employees,’ Office Management 
Series, No. 87, p. 34. | 

P, Hall and H. W. Locke, Incentives and Contentment: A Study Made in a 
British Factory (Pitman, London, 1938). 
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management was operating in this particular company to give 
the women a better feeling toward the company. The forces at 
work may have been seemingly trivial to management, but fac- 
tors that seem trivial to management often seem quite important 
to employees. In fact, as Schultz ** has pointed out, employee 
attitudes are often affected more by little things than by broad 
, management policies. 

It should be mentioned also that employee attitudes are often 
made up of a combination of attitudes toward different aspects 
of the total situation. Employees may be favorable toward 
some, and unfavorable toward other, aspects of their jobs. 
Geiger, Remmers, and Greenly ”? found that little relation® 
ship exists between the attitude of apprentices toward their job 
proper, fellow employees, foremen, opportunity for promotion, 
related instruction, and management. This study includes the 
development of a diagnostic scale which indicates how differen- 
tial attitude toward different aspects of the job may be meas- 
ured. 

It is not intended to imply that the factors listed above are 
all of the factors that may affect employee morale. The list is 
only illustrative of factors that have been found operating in 
certain plants and that may give cues to the alert plant superin- 
tendent in analyzing his own particular situation. Although 
we may confidently expect that future developments in applied 
psychology will make this problem easier to cope with than it is 
today, sufficient evidence already exists to show that the judi- 
cious use of attitude scales and of techniques now available will 
aid in the solution of many industrial relations problems. De- 
partments in which unsatisfactory relations exist between em- 
ployees and their supervisor can be located. Company policies 
that are not satisfactory to employees can be identified. Em- 
ployee reaction to such topics as method of wage payment, in- 
surance programs, and plans for promotion and transfer can be 
determined. The attitude survey is of real value in the solution 
of such problems and has become a powerful tool of manage- 
ment in the prevention of industrial relations disputes. 

“12k, 8. Schultz, “Psychology in Industry,” Personnel Journal, XVI (1937), 
pp. 221-223. 
22H. E, Geiger, H. H. Remmers, and R. J. Greenly, “Apprentices’ Attitudes 


Toward Their Training and the Construction of a Diagnostic Scale,” Journal of 
Applied Psychology, XXII (1938), pp. 32-41. 
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Appendix A 
Elementary Statistical Procedures 


WHEN many measurements, such as scores or other data, are to 
- be summarized or interpreted, the use of some form of statistical 
procedure is usually desirable. If a considerable amount of raw data 
is involved, a simple listing of the data is of little value. Such a 
listing will not tell us, for example, how the data are distributed, how 
much they vary, or where in the total distribution they tend to cluster. 
Further, such a listing is of little value in indicating how the data 
compare with, or are related to, other sets of data collected under 
other circumstances. Before a meaningful interpretation of the data 
can be made it is necessary to reduce them to a chart or to one or two 
single numbers which may represent the data as a whole, 


Graphic Representation of Data 
The frequency distribution and polygon 


A frequency polygon, constructed from a frequency distribution, is 
a graphic representation of a set of data. The construction and 
interpretation of a frequency polygon may best be explained by an 
example. Suppose 60 employees on an inspection job have detected 
the following number of flaws of a certain type during one week of 
work: 


TABLE XL 


NuMBER OF Fiaws DETEcTED By Facu oF 60 INSPEcTORS DURING ONE WEEK OF 
WorRK 


15 36 40 37 32 13 35 20 33 36 33 #16 38 19 33 34 24 
Boao eee) lotteae sok 21 226, 28 Séongge° 61 21..-26) 39. 28 
BU sl 32 130229549 639" 30 44. 34. 87213588 35. 41. 87 48 
42 38 45 22 46 41 47 48 34 


From a gross, or even a detailed, inspection of these 60 values one 
cannot answer such questions as: What is the typical number of defects 
spotted by an average inspector in a week? How much difference is 
there between the best and poorest inspectors in spotting defective 
material? Is there any preponderance of good, poor, or average 
ability represented in the performance of these inspectors? 

Such questions as these may be answered at a glance if the data are 
grouped and presented in a chart. One variety of such a chart is a 
frequency polygon. The steps involved in constructing a frequency 
polygon are as follows: 

Doo 
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1. Determine the range of the values in the raw data. Quickly 
glance through the data to determine the highest and the lowest values. 
The range is the difference between these values. In the case of the 
60 inspector records, the highest figure is 53 and the lowest is 13. 
The range is therefore 53-— 13 = 40. 

2. If we find that the range of the data is large (that they are widely 
spread), it will be more convenient to group them by intervals (class 
intervals, abbreviated c. i.) with a range in each c. 1. of more than one 
unit. The c. i. is a group of adjacent scores of such a size that from 
12 to 18 c. i.’s cover the range of the whole distribution or all of the 
data. With a range of 40, ac.i. of 2 would require 20 groups; a c. i. of 
3, 14 groups; and ac. 1. of 4, 10 groups. In our illustrative problem, 
ac.i. of 3 is therefore the proper size to use. . 

A simple rule of thumb which is helpful in deciding upon the correct 
size of the c. 1. is to divide the range by 15 (15 because, on the average, 
this is the most desirable number of ec. i.’s) and take as the ec. i. the 
whole number nearest to the quotient. In our problem, the range 
divided by 15 would be 40 + 15 = 2.66. As 3 is the whole number 
nearest to 2.66, 3 would be the size of the ec. i. to be used. 

3. Arrange the adjacent c. i.’s in a column, leaving a blank space 
immediately to the right of this column. The arrangement of the 
c. 1.’s preparatory to the construction of a frequency distribution 
appears as follows. 


TABLE XLII 
Cuass INTERVALS TO BE USED FoR ILLUSTRATIVE Data IN TaBLE XL 


51-53 
48-50 
45-47 
42-44 
39-41 
36-38 
33-35 
30-32 
27-29 
24—26 
21-238 
18-20 
Le dey. 
12-14 


4. Place a tally mark for each value in the original list of raw data 
opposite the appropriate class interval. As the first value among 
the 60 listed in Table XV is 15, the first tally mark should be in the 
15-17 c. i. The second value, 36, is represented by a tally mark in 
the 36-38 c.i. Usually it is advisable to tally the fifth entry in each 
c. 1. with a line across the preceding four tally marks. This simplifies 
the counting of tally marks at a later time. When all entries have 
been made, that is, all data tabulated, the frequency distribution 
appears as in Table XLII. 
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5. Lay off appropriate units on squared (cross section or graph) 
paper so that a graph may be constructed on which the midpoints of 
the c. 1.’s are plotted on the base line and the frequencies or number 
of cases in each c. 1. on. the vertical axis. When this is done, the 
frequency polygon shown in Figure 91 is obtained. 
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NUMBER OF FLAWS DETECTED — MIDPOINTS OF C.1.'S. 
Fic. 91—Frequency polygon of illustrative data in Table XX XVII. 


TABLE XLII 
Cuass Intrervaus, Tatty Marks, AND FREQUENCIES (f.) FOR ILLUSTRATIVE 
Data IN TaBLE XL 


Class Intervals (c. 1.) Tally Marks Frequency (f.) 
PVE Sey SS ee ea 2 
AES, 6 SAPS bh ih 2 
Ase DYE a eels lon. us 2 cr rr igi: 3 
BAA Ah er I ee ee es Pit 4 
OAT oars aE Me aR ee coe old ITT 6 
22 ee CU RSE OE Oe ee ea 9 
JA Rie a ee Ltt? //// 9 
COpso eee ee LYfT / ii 
Oh Pas ee aaa eae es 823 5 
DOO Lem > aN ie od. old, Lif 4 
pee RP ae cn. ee enone ae Lf i] 4 
Me Oe, arg aR OM ls, on yoo ws asa Lif 2 
De fic ee ee eI ears. aso acchegaes // 2 
PUA ae ee... ss Se sahae if 1 

Total = 60 


To one familiar with the concept of a frequency polygon, the 
graphic illustration in Figure 91 is a much more meaningful representa- 
tion of the data than the list of values shown in Table XL, or the fre- 
quency distribution shown in Table XLII. The frequency polygon 
makes apparent at a glance that the typical or average inspector 
detected around 35 defects during a week of work, that the operators 
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range or vary from some who detected only 13 defects to others who 
detected 52, and that a majority of the operators are fairly near the 
average in ability (that is, that not so many are very high or very 
low as are near the average). In summarizing psychological data it is 
a definite advantage to be able to present all of the major facts in a 
single graphic presentation of this type. 
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lic. 92—Frequency polygon with ordinates as percentages for illustrative data in 
Table XX XVII. 


In a frequency polygon such as the one shown in Figure 91, the 
area between the curve and the base line is determined by the number 
of cases (called N) which the graph represents. Thus, a curve 
portraying 120 cases would cover twice the area of the curve shown 
(if the c. 1.’s are the same for both distributions), and a curve portraying 
600 cases would cover ten times this area. This is no disadvantage 
in many cases, but situations sometimes arise in which it is desirable 
to keep the total area under the curve the same, regardless of N or 
the number of cases. To meet this situation we may plot the per- 
centage of cases rather than the number of cases falling in each e. 1. 
This may be accomplished by dividing each f value in Table XLII 
by the total number of cases in the distribution. Each quotient thus 
obtained indicates the percentage of cases from the total falling in the 
respective c.1. These computations are indicated in Table XLIII. 

If the percentages shown in the last column of Table XLIII are 
now plotted as the ordinates (vertical axis points) of a frequency 
polygon, the chart shown in Figure 92 is obtained. 

When a frequency polygon is to be compared with a number of 
other polygons, and when the important facts to be compared deal 
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with the central tendencies and general form of the distributions 
rather than with the different number of cases plotted in each, the 
‘percentage method” of plotting a frequency distribution is preferred 
to the ‘‘total-number-of-cases method.’’ 

We may define a frequency polygon, in the light of the above 
description, as a curve which portrays data graphically and which is so 
drawn that the base line represents the varying values of the original 
data and the ordinates represent the number of cases (or percentage of 
cases) at each of the raw data values. 


TABLE XLII 


FREQUENCY AND PERCENTAGE OF CAsEs IN Eacu C. I. For ILLUSTRATIVE DaATa IN 


TaBLE XL 
Calculation 
LESS 
Class Intervals “ Percentage Percentage 
51-53 2 2, °= .033 3 
48-50 be wy = .033 a 
45-47 3 es i .050 HY 
42-44 4 ay = .066 7 
39-41 6 gs = .100 10 
36-38 9 a = .150 15 
33-35 9 gx = .150 15 
30-32 ih ey = 117 12 
27-29 ey @x = .0838 8 
24-26 4 gs = .066 7 
21-23 4 go = .066 é 
18-20 Z ey = .083 3 
15-17 2 fy = .033 3 
12-14 1 an Ve Ohy 2 
Total = 60 100 


The normal distribution 

The shape of the frequency polygons shown in Figures 91 and 92 
is typical of the kind of distribution usually found when data obtained 
from a group of people are plotted. It will be noted that the curves 
are approximately “bell-shaped,” that is, they are high in the center 
and taper off toward the base line at both ends. If we were to divide 
the area under such a curve by drawing a perpendicular line from the 
central high point to the base line, the two parts would be approxi- 
mately equal in area and would be bilaterally symmetrical in shape. 
It is well recognized that all, or nearly all, measurements of human 
traits and abilities result in distributions of approximately this form. 
Such distributions are called normal distributions. <A strictly normal 
distribution conforms to a symmetrical bell-shaped curve that is 
defined by a mathematical equation, the derivation of which is beyond 
the scope of the present discussion.! It will suffice for the beginning 
student to know that: 
1 The interested student is referred to C. C. Peters and W. R. Van Voorhis, 


Statistical Procedures and Their Mathematical Bases (McGraw-Hill, New York, 
1941), pp. 279-286. 
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1. A normal distribution is bell-shaped, that is, it is high in the 
center and low at both ends. Its two halves are symmetrical. 
2. Measurements obtained from a group of persons usually approxi- 
mate this type of distribution. 


Measures of Central Tendency 


While the frequency polygon is helpful in giving an immediate 
graphic description of a set of data, that is, indicating general trends, 
it is often desirable to present certain quantitative figures that supple- 
ment the graphic picture. One of the most useful of such numerical 
values is a measure of the central tendency of the data. A measure of 
central tendency may be defined as a single figure or value which is 
representative of the entire set of data. Three such measures that 
are in common use are the arithmetic mean, the median, and the mode. 


The arithmetic mean 


The arithmetic mean, sometimes simply called the mean, may be 
defined as the sum of the measures divided by the number of measures.? 
Or it may be thought of as a point of balance which could be found if 
all values in the distribution were assigned the same weight and then 
arranged along a horizontal beam. The physicist might define it 
as that point in the distribution around which the moments are equal. 

In the case of the 60 values previously discussed! from which a 
frequency polygon was constructed, the mean is obtained by finding 
the ies of the 60 measures and diadine this total by 60, thus: 


Sa tehmeticaMiaen (ieee ee oo = = ae = 33:6 

This is the procedure followed in computing the exact value of the 
arithmetic mean of any set of values. In practice a shorter method of 
computation utilizing the data as tabulated in a frequency distribution 
and yielding an approximation (rather than the exact value) of the 
mean is often used. This shorter method assumes that each score as 
tabulated in a frequency distribution has the same value as the mid- 
point of the c.i. in which it falls. For further convenience in calcula- 
tion, the mean is first computed in ¢.i. units from an arbitrary base 
selected near the center of the distribution at the midpoint of one of the 
c.i.’s. The base selected is entirely arbitrary—it may be taken as 
any point in the distribution. We have chosen one near the center 
of the distribution to simplify computation. 

If this method is applied to the frequency distribution in Table 
XLII the arrangement shown in Table XLIV is obtained. 

In the above tabulation the d column represents the number of 
c.l. units each ¢.i. is located above or below the c.i. arbitrarily chosen 
as the base for calculations. In the c.i. 51-53 there are 2 scores. This 
c.i. is 6 ci. units above the arbitrary base. Thus, in computing the 


? H. E. Garrett, Statistics in Psychology and Education (Longmans, Green and 
Company, 1987), p. 18. 
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TABLE XLIV 


COMPUTATION OF THE ARITHMETIC MEAN FROM A FREQUENCY DISTRIBUTION 


ae Vi d. fd. 
o1—53 2 6 12 
48-50 2 5 10 Formula for Computing A.M. 
45-47 3 4 12 Sfd 
42-44 4 3 12. A.M. = M° + ci. Ne 
39-41 6 2 12 2 
36-38 9 1 9 M = eee mean 
33 c.t. = size of c.t. 
nee 3 Me ae xfd = summation of deviations 
27-99 5 mae eG “N from assumed mean di- 
ided by N 
24-26 4 mg) = v1 y : 
21-23 4 =A “A neem vem = 
18-20 2 —5 —10 i 60 
Ma is 2 6 mah) = 34 — 135 = 33.65 
12-14 a 7 7 
60 sfd= —7 


A.M. in ¢.i. units from the arbitrary base, these two scores would 
each have a value of 6, resulting in the number 12 which appears in 
the fourth, or fd, column. In like manner, there are 2 scores in the 
c.1. 48-50, and these two scores are each 5 ¢c.i. units above the arbitrary 
base, resulting in the number 10 which appears in the fd column. 
All scores tabulated in ¢.i.’s below the arbitrary base are represented 
by negative values in the fd column. The algebraic sum of this 
column (fd) divided by the number of cases indicates how far the 
computed mean will deviate from the assumed mean (base) in terms 
of ci. units. From the tabulation, this deviation in c.i. units from 
the arbitrary base (assumed mean) is defined as: 
>fd 


Deviation in c.i. units from base = W 


Carrying through this computation for the data under consideration 
shows that: 


mee : A F 2) = 
Deviation in ¢.1. units from base = W Pps aes =, 


This is interpreted to mean that the A.M. is .117 of a class interval 
below the midpoint of the arbitrary base (see formula in illustrative 
problem). In order to transmute this deviation (—.117) into raw 
score units we would multiply it by 3 (the size of the class interval). 
Thus, in terms of raw score units, the deviation is —.35. The mean, 
as computed by this method, is therefore .35 raw score units below 
the midpoint of the 33-35 c.i. As the midpoint of this is 34, the mean 
is 34 — .35 = 33.65. This approximation does not agree exactly 
with the exact method in which all raw data are added and the sum is 
divided by the number of cases; but the approximation is sufficiently 
close to justify its use in many cases. The student may note, however, 
that essentially the same procedures are used in both solutions. The 
procedure in using the ‘‘exact method” may be thought of as involving 
the computation of a mean by assuming the mean to be zero, computing 
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the deviations from zero in raw score units, and dividing their sum by 
N as in the short method. 


The median 


The median is a measure of central tendency defined as that 
score (or value) which exceeds, and is exceeded by, half the measures, 
that is, it is that point in the distribution above and below which 50 
per cent of the values lie. A logical (though laborious) method to 
determine the median consists in arranging all the raw data in rank 
order from lowest to highest and counting off the bottom half of the 
measures. The value at this point is the median. If this method is 
followed for the data in Table XL, the following Seno ey of the 
scores is obtained. 


TABLE XLV 


ARRANGEMENT OF DATA FOR THE COMPUTATION OF THE MEDIAN DIRECTLY FROM 
Raw Data 


Counting from the lowest score up, we find that the 30th from the 
low end is 34, and the 31st from the low end is also 34. The median 
score would therefore be 34. If there had been a difference between 
the 30th and 31st scores, the median would be the value halfway 
between these scores. If an odd number of cases were included in the 
original set of scores (as 61 instead of 60) the median would be the value 
of the middle score. 

In practice, the median as well as the mean may be conveniently 
approximated from a tabulated frequency distribution. To illustrate 
this process we may use the same frequency distribution previously 
discussed. 


TABLE XLVI 
CoMPUTATION OF THE MEDIAN FROM A FREQUENCY DISTRIBUTION 
Class Intervals f Cumulative f Formula for Median: 

51-53 2 60 
48-50 2 58 . ( = Gee) 
45-47 3 56 Md. =1+ ce. 
42-44 4 53 
39-4] 6 49 l = lower limit se c.i. upon which 
36-38 9 43 median lies. 
33-35 9 34 c.z. = class interval 
30-32 7 25 erie of the scores 
27-29 5 18 2 2 
24-26 4 13 F = no. of scores in all c.z.’s below 1 
21-23 4 9 fm = no. of scores in «2. in which me- 
18-20 2 5 dian falls. 
15-17 nee 3 (80 — 25) 

Total 60 = 82.5 +17 = 34.2. 
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Kknowing that 60 cases are included in the distribution, it is neces- 
sary to find the score which separates the lower 30 from the upper 30. 
The value of this score is the median. Counting up from the lower 
part of the distribution, we first fill the column cumulative f, which 
indicates for each c.i. the number of cases in and below that c.1. 

It will be noted that 25 cases are included in or below the 30-32 
c.i., and that 34 cases are included in or below the 33-35 c.i. The 
median, or point midway between the 30th and 31st case, must there- 
fore be with the 33-35 c.i. Now if we assume that the 9 cases in the 
33-35 ¢.i. are distributed evenly throughout this interval, we must 
go up into this c.i. far enough to cover the lowest 5 of these 9 cases in 
order to reach the median. This may be illustrated graphically as 
follows: 

Cases in this c.1. 


Ko) 


35 


ain! @i 


OF PEG es Median 
C.1. 338-35¢ 34 


33 


a NOs eCorel = ealecn 


It will be noted that the ‘‘real limits” of the 33-35 c.i. are con- 
sidered 32.5 and 35.5, that is that the c.i1. extends one-half a score unit 
above and one-half a score unit below the tabulated values. This is 
necessary because otherwise there would be a whole unit between each 
pair of adjacent c.i.’s that does not logically fall in either c.i. 

In this case, the median would be ¢ of the size of the c.i., added to 
the lower limit of the c.i., or Median = § (3) + 32.5 = 34.2. This 
value, 34.2, differs slightly from the value computed by arranging the 
scores in rank order, but the approximation is sufficiently close to 
justify its use in most instances. Exactly the same procedure can 
be followed in defining other points in the distribution, for example, 
the 25th percentile—the point in the distribution below which 25 per 
cent of the scores lie and above which 75 per cent lie. 


The mode 


A third measure of central tendency is the mode, which is defined 
as the measure appearing most frequently. This value, as well as 
the mean and the median, may be determined directly from the raw 
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data (if one value appears more often then any other) or may be 
approximated from a frequency distribution of the data. | 

In computing the mode directly from the raw data, the values are 
inspected to determine which one appears most eeuenee Some- 
times, as in the case of the values shown in Table XL, several of the 
measures appear an equal number of times. In this case, the figures 
30, 33, 34, 35, 36, 37, 38, 39 each appear three times. It is incorrect, 
therefore, to say that any one of these is the mode. Furthermore, 
there is reason to believe that if a larger sample than 60 inspectors 
had been included in the distribution, and if the c.i. used in forming 
the distribution were smaller than 3, the frequency polygon obtained 
would be more even in curvature and only one single high point would 
be found. Under such circumstances, this high point would be the 
mode. An approximation of this value may be obtained from a fre- 
quency distribution by means of the following empirical formula: 

Mode = 3 Median — 2 Mean 
In the case of the data we have been discussing, this formula gives 


Bae following value for the mode: 
Mode = .3(84.2) — 2(383.65) = 35.30. 


When to use the mean, median, and mode 


Why is it necessary to have three different measures to indicate 
the central tendency of a set of data? The answer is that each is 
best adapted to certain uses, that is, In some cases one may be most 
representative of a set of data, while in other cases, another measure 
may be most suitable. ‘The mean is ordinarily used if the distribution 
is approximately normal. (If the distribution is perfectly normal, the 
three measures of central tendency have the same value.) If, on the 
other hand, there is a preponderance of extreme cases at either end of 
the distribution, the mean may give an incorrect impression of the 
central tendency of the data. Under these circumstances, the median 
or mode is more suitable. Consider, for example, the following yearly 
incomes of five persons: 

$800 $900 $850 $750 $5000 
The mean for these five incomes is 


$800 + $900 + $850 + $750 + $5000 


= $1660. 
5 $ 


This figure, though an accurate statement of the mean, is not typical 
of the group as a whole because it is so markedly affected by the one 
income of $5000 which is considerably larger than the other four. 
The median income is $850, and this value is more typical for the group 
as a whole than is the mean income of $1660. If a great deal of data 
were available for computation, 1t would also be enlightening to 
know the mode, or most common income. Certain other principles 
also help determine which measure of central tendency is most appro- 
priate in any specific case. We may generalize the above’illustration 
by saying that if a distribution is very much skewed (that is, contains 
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more cases at one extreme than at the other), the median or mode is 
more likely to give a representative picture of the typical score than is 
the mean. 


Measures of Variability 


In addition to a measure or value to represent the central tendency 
of a set of data, there is also quite frequently a need for some measure 
of the spread, or variability, of the data. The need for a measure- 
ment of this type may be seen by comparing the data shown in Table 
XL and tabulated in Table XLIV (the mean of which, computed from 
the frequency distribution, was found to be 33.65) with another set 
of data which, for purposes of illustration, we might assume to consist 
of 21 scores of 33 and 39 scores of 34, making 60 scores in all. The 
mean of 60 such scores may readily be found to be 33.65. 


(21)(33) + (39) (34) 
60 


= 33.65. 


While both distributions have the same mean, they differ markedly 
in variability or spread. The former distribution is made up of scores 
varying from 13 to 53, while the latter consists entirely of scores of 
33 and 34. A quantitative measure of variability is therefore of 
considerable value. Statistical procedures have been designed which 
yield a single value descriptive of this variability; as in the cases of 
means and medians, these measures tell us something about the group 
as a whole. Two measures of variability of a set of scores or other 
data are the Mean (or Average) Deviation and the Standard Deviation. 


The mean or average deviation 


This measure of variability 1s defined as the average deviation of 
the scores from the central tendency, usually the arithmetic mean, 
but sometimes the median or mode. If the arithmetic mean is used 
as the central point from which the mean deviation is computed, the 
computation involved for the 60 scores tabulated in Table XLIV 
would be as follows: 

In Table XLVII columns 1-4 are identical with the corresponding 
columns in Table XLIV. Column 5 gives for each c.i. the deviation: 
between the midpoint of the interval and the arithmetic mean of the 
distribution. For the c.i. 51-53 this deviation is 52-33.65 = 18.35, 
which appears as the first value in the fifth column. Since there were 
two scores in this c.1., and since each deviates by 18.35 from the mean 
of the distribution, the fD column contains 2(18.85) = 36.70 as the 
first entry. In like manner, the amounts of deviation of all scores 
in the remaining c.i.’s has been computed and entered in the fD 
column. The sum of this column is the total of the deviations of all 
60 scores, and this total divided by 60 gives the Mean Deviation of the 
distribution. 

Had the 60 scores been bunched around the mean to a greater 
extent, the Mean Deviation would necessarily have been smaller. 
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TABLE XLVII 


COMPUTATION OF THE AVERAGE Deviation (A.D.) FROM A FREQUENCY 


DISTRIBUTION 
D* 
Raw Score Deviation 
Cis f d fd from Mean fD 

51-53 ) 6 12 18.35 36.70 
48-50 Z 5 10 T5735 307 
45-47 3 4 12 12735 37205 
42-44 4 3 12 9.35 37.40 
39-41 6 2 12 6.35 38.10 
36-38 9 1 9 ooo 30.15 
33-35 9 0 0 roo on lo 
30-32 7 —] —7 2.65 18.55 
27-29 5 —2 —10 5.65 28.25 
24-26 4 —3 —12 | 8.65 34.60 
21-23 | 4 —4 —16 11.65 46 .60 
18-20 3 —5 —10 14.65 43 .95 
15-17 2 —6 — 12 17.65 35.30 
12-14 1 —7 —7 20.65 20.65 

tfd= —7 441.15 

Mean = 34 — (5)3 = 33.65 
441.15 
Mean dev. = Bune MESO 


* Note that all deviations, whether above or below the mean, are taken as 
positive. 
If, for example, all 60 scores had been exactly at the mean, the devia- 
tion between the mean and each of the scores would have been zero, 
the sum of the 60 deviations would be zero, and the Mean Deviation 
would be zero. In the illustrative case previously referred to con- 
sisting of 60 scores made up of 21 scores at 33 and 39 scores at 34, 
the mean deviation, though not zero, would be very small. In this 
case, the Mean Deviation may be computed in the following fashion: 
the 21 scores at 33 contribute 21(.65) = 13.65 units of deviation, 
while the 39 scores at 34 contribute 39(.85) = 13.65 units. The sum 
of these values divided by 60 gives the mean deviation. 
13.65 + 13.65 27.3 _ 

60 BOs 

This figure, .46, indicates quantitatively the variability in this set of 
60 scores. When compared with a set of data such as shown in Table 
XLVII, the mean deviation of which was found to be 7.35, the differ- 
ence in spread is seen to be reflected in the size of the mean deviation 
figures. In interpreting the mean deviation, it wi!l be helpful to think 
of it as defining two points on either side of the mean which enclose a 
large proportion of the scores (values). In anormal distribution, the 
mean deviation, when measured off on the scale above and below the 
mean, will mark the limits of the middle 57 per cent of the scores. 


The Standard Deviation 


The Standard Deviation is the most widely used measure of 


46 


Mean Deviation = 
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variability. It is defined as the square root of the mean square 
deviation. Defined by formula: 


Standard Deviation = S.D. =o = a : 


where 2D? is read “the sum of the squared deviations of the scores 
from their mean” and N is the number of cases. 8.D. ando are abbre- 
viations for the Standard Deviation. They are used interchangeably. 

Although the Standard Deviation may be computed directly from 


2 
a set of raw data by means of the formula S.D. = 4 ae , this process 


is laborious. For example, in the case of the set of data we have 
been using for illustrative purposes (tabulated in Table XL), we 
would proceed by determining the difference between each raw score 
and the mean of the 60 scores, squaring these differences, summing the 
_60 squared differences, dividing by 60, and extracting the square root 
of the quotient. The first score tabulated is 15. The difference 
between this value and the mean of the 60 scores (as computed directly 
from the raw data) is D = 33.6 — 15.0 = 18.6. D? would therefore 
be (18.6)? = 345.96. This must be repeated for every one of the 60 
scores before the sum of the squared deviations can be obtained. 

Because of the excessive labor in computing the 8.D. directly from 
the raw data, a simple process which approximates the true value of 
the §.D. has been developed. This is used in the computations shown 
in Table XLVIII, in which is computed the Standard Deviation of the 
data shown previously in Table XLIV. 


TABLE XLVIII 


COMPUTATION OF THE STANDARD DEVIATION FROM A FREQUENCY DISTRIBUTION? 


Se a fd fa? 
Bl-63 2.6 12 72 | 
48-50'2. 5 10 50U\Mean Scene Ge 
Aol ee aime 12 48 N 
aoa 4 3 12 36 rs ay 
e638 9. 1 9 9 Spi i STAN 
Bes5y9 (0 0 0 8D. = 22 = ei, ae ae ) 
0-32. 7° —1 —7 7 
27-29 5 —2 10 20 = 3/58 — (117)? 
m420 4. 8 —12 36 = 3 4/8.950 — .014 
21-28. 4 —4 —16 64 ~ 3/8.936 
18-20 2 —5 —10 50 = 3(2.99) 
15-17 2 —6 aonb, 72 on 2 a07 
14 ie —7 —7 49 


Sfd=—7 Xfd?=537 


3 The derivation of the formula for computing the standard deviation by the 
method used in Table XLVIII is given below. Working in c.i. units rather than 
raw score units, let 

D,, D2 - + + Dn = deviations of the scores in c.i. units from their mean. 

c = difference in ¢c.i. units between the mean of the scores and 
the midpoint of the zero ¢.1., i.e. the arbitrary base. 
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The standard deviation is the most commonly used measure of 
variability. Usually when the mean value of a set of data is given, 
the 8.D. is also given to indicate the variability of the data. 


d,, dx, - - + dx = deviations of the scores in ¢.i. units from the arbitrary base. 
Then 
D, al dy =U 
Dz = d» frat 6 
Dn = ae Cy 


If the above equations are squared on both sides, we have 
D,? = (dy = C)? = d,? FT 2Qdic ot (org 
= (d. — c)?-= dy? — 2dee + c? 
‘D. = eee c)2 = d,? — 2dnc + c? 
Summating the above to determine the sum of the squared differences, we have 


Poteet a ss << D8 ee dae des tae) 
+ (2dic + 2dxc + + + - 2dnc) + Ne? 
The above, written with summation signs, becomes: 
LD? = Sd? — 2rd + Ne? (1) 


Now it will be remembered from page 339 that c, which is the difference in ¢.1. 
units between the mean of the data and the arbitrary base (i.e. the mean in ¢.i. 
units away from the arbitrary base) was determined by adding the d values of the 
scores and dividing this sum by the number of scores. Since there are f; scores 
at d, deviation; fz scores at d. deviation; etc.; this summation is given by fid; + 


fodo + +++ fndn = Zfd, whi ae 3 


xfd 


We may therefore substitute in (1) ae for c, giving 
xfd Sfdy? 
2D? = Sd 2 a N (— 
ae) 


But the 2d and Zfd are the same, since Zfd is only a simpler method of deter- 
mining the 2d that involves grouping together all scores of the same d, and multi- 
plying this d by f, the number of such scores.. For the same reason, 2d? is the 
same as Zfd?. The above equation therefore may be written: 


2D? = Zfd? — 2 =i Boy ( 2h 


fay (2fd)? 
N N 


If both sides of the above equation are divided by N, we have 
2D? a eS a(4) + Ga) 


=D? = xfd? — 2 “ 


N 
ZD? _ a _ ( 2hd 
N N ( N i 


Extracting the square root of both sides 


SD. = Paes | yee ¥ (2 2 
N N N 
which is the equation used in the computations accompanying Table XLVIII to 
determine the standard deviation of the distribution in c.i. units. The value yielded 


by this expression is then multiplied by the size of the ¢.i. to give the S.D. in raw 
score units. 
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Comparable scores 


The 8.D. performs another useful funetion—it can be used in the 
comparison of individual scores from different distributions. For 
example, suppose that two inspectors from departments A and B, 
who are working at different inspection jobs, detect respectively 45 
and 89 defects during a week of work. How can we compare the effi- 
ciency of these two employees? It will be seen immediately that a 
direct comparison of the figures 45 and 89 is not valid, because the 
_ two inspection jobs may be very different. It will also be seen that 
we can say little concerning the position of these inspectors in their 
respective groups except that they fall above or below the mean of 
their group in inspection work. To make a comparison, then, we 
must first compute the mean number of defects spotted by all inspec- 
tors in Department A, and the mean number spotted by all inspectors 
in Department B. Suppose that those means are respectively 38 and 
95. We thus see that the inspector from Department A is 45 — 38 
= 7 pieces above the mean for that department, and that the inspector 
from Department B is 89 — 95 = —6, or 6 pieces below the mean of 
inspectors from that department. We can thus say, at this point, that 
the inspector from Department A is above average in ability on the job 
and that the inspector from Department B is below average. But how 
about their relative distance from the average? To answer this 
question we must compute the §.D.’s of the two distributions and 
determine how many S.D.’s each inspector is above or below average. 

Suppose we find the 8.D. of the operators in Department A to be 
5.5 pieces. Our first inspector is therefore See = 1.27 §.D.’s 
above average. If the S.D. of the inspectors in Department B is 
9.5, the inspector from the group who detected 89 pieces is 2 
= —.63 or .63 8.D.’s below average. The deviation of a score from 
the mean of the distribution expressed in S.D. units results in a measure- 
ment which 1s comparable with similarly determined measurements from 
other distributiéns. Thus, we may say that our first inspector is 
about twice as far above average, in terms of comparable scale units, as 
the second operator is below average. Scores computed in this manner 
are known as Z-scores. The formula for a Z-score is as follows: 

Raw Score — Mean of Raw Scores 
S.D. of Raw Scores 

The Z-score is helpful not only when comparing scores from one 
distribution to another, but also when, for any reason, it is desired to 
combine scores with the same or differential weighting. <A typical 
example of an industrial situation that requires this technique is in the 
combination of items used in a merit-rating blank. Suppose that each 
employee has been rated by his supervisor on a chart containing items 
such as the following: 


Z-score = 
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Industrious- 0 10 20 30 40 50 
Ness poo Cpa bane beeen breger i teen Te Lie ele 
Always Often Sometimes | Usually Always 

loafs if loafs loafs and is hard is hard 
not when not | sometimes | at work at work 
watched watched works 

when not 

watched 

Knowledge of 0 19 2) 30 40 50 

Job ep Prt hind citation eel ee ea 
Knows Knows Is fairly Well in- Thorough 
little routine well in- formed on | knowledge 
about the | only formed on | details of present 
job his work relative to | job and 

his work related 
(ia ei work 


We may suppose, for purposes of illustration, that it is now desired 
to combine these two traits into an overall merit rating. (If more 
than two traits are included in the chart, as is usually the case, the 
procedure is identical.) Suppose that an employee, Mr. A, has 
received 40 points on industriousness and 30 points on knowledge of 
job, making a total of 70 points if the ratings are added directly. 
Suppose that another employee, Mr. B, has received 30 points on 
industriousness and 40 points on knowledge of job, which also results 
in a total of 70 points if added directly. It is clear that such direct 
and immediate combination of ratings would result in identical 
overall ratings for these two employees. The question which we may 
raise is whether such a statement of equal ratings is justified. The 
answer is that it is not. If the mean rating of all employees on 
industriousness was 33 with a §8.D. of 3, then A’s rating would be | 


SP ge 38 2.33 or 2.33 §.D.’s above the mean and B’s would be 
30 — 33 
3 


mean rating for all employees on knowledge of job were 25, with a 
S.D. of 6, A would be aa. +.83, or .83 §8.D.’s above average 


6 
in knowledge of job while B would be eee = 2.50, or 2.50 8. D.’s 


above average in this respect. Now, the proper combination of the 
two traits, if we wish to weight them equally, would be: 


= —1.00, or 1.00 §.D. below the mean on this trait. If the 


Rating in Rating in Z-Score Z-Score in Sum of 
Industrious- Knowledge in Indus- Knowledge Scores for 
Employee NESS of Job  triousness of Job Both Units 
A 40 30 +2.33 .83 3.16 
B 30 40 —1,00 2..50 1.50 


This transfer of ratings into Z-scores and the adding of the Z-scores 
shows that the two employees A and B are not equal in rating (as we 
would infer if the raw ratings were added), but rather that A is defi- 
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nitely higher than B. The procedure described has assumed that the 
two trait ratings, being combined, should be given equal weight, and 
the procedure shows how they can be combined with equal weight 
into a composite score. One might think that conversion of raw scores 
to Z-scores is not necessary if the raw scores are to be given equal 
weight in the combination score. Actually, if we do not give the raw 
scores equal weight in converting them into Z-scores, the scores will 
weight themselves according to the size of their respective standard 
deviations. In other words, if combined directly, the raw scores will 
be weighted too much or too little, depending upon their position 
relative to the means of their respective distributions and upon the 
variability of the distribution of which they are a part. When scores 
are combined, they are always weighted in some manner, whether we 
deliberately weight them or not. It is highly important, therefore, 
to weight them deliberately (either with equal weight or otherwise) 
by converting them into Z-scores and then combining them. 

It does not follow from the above discussion that combined scores 
should always be weighted equally. Indeed, it is often desirable to 
weight various scores according to some plan that has been decided 
upon before the scores are combined. When this is desired, such 
weighting can be accomplished very easily by multiplying each Z-score 
by the appropriate weight before they are combined. Jn our illustra- 
tive case, suppose that we have decided that industriousness should 
be given twice as much weight as knowledge of job in determining the 
total rating. This would be accomplished as follows: 


Z-Score Z-Score in bese ae coe Combined 
Kmployee | in Indus- Knowledge I eee Kt Pas Weighted 
triousness of Job WET DON Ee Z-Scores 
triousness of Job 
A os 85 +4.66 betes 5.49 
B —1.00 +2.50 —2.00 +2.50 + .50 


The combined ratings so obtained show a still greater difference 
between employees A and B than was obtained when the scores were 
equally weighted. If, on the other hand, it was desired to give the 
rating in knowledge of job twice as much weight as the rating on 
industriousness, the following computations would be made: 

oo AE eS ce 


Z-Score Z-Score in Wee’ nee Combined 
Employee | in Indus- Knowledge : . ait Kt ave ae Weighted 
triousness of Job ee ee Z-Scores 
triousness of Job 
A +2.333 + 833 +2.3338 +1.666 4.0 
B —1.000 +2.500 —1.000 +5 .000 4.0 
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This last procedure results in giving identical total scores to 
employees A and B, which, it will be remembered, also occurred when 
the raw scores- were added directly (80 + 40 = 70). Now, if we 
remember that the assumed standard deviation for the knowledge of 
job ratings was 6, which is twice as great as the standard deviation of 3 
assumed for the industriousness ratings, we can see why a direct 
combination of raw scores gives the equality that is obtained when the 
respective Z-scores are weighted in the ratio 2:1. In this instance the 
original ratings whose Standard Deviation is 6 are automatically given 
twice as much weight (when raw scores are combined directly) as the 
original ratings whose standard deviation is only 3. Thus, we obtain 
the same final result (equality) by direct combination that is obtained 
when the knowledge-of-job ratings are deliberately given a weight twice 
as great as the industriousness ratings. 

Many other problems arise in which it is necessary to weight scores 
to achieve a particular result. For example, an industry faced with the 
problem of selecting a number of electrical-apprentices desires to give 
this training to those boys who have the greatest aptitude for the job 
and who are therefore most likely to succeed. Careful consideration 
and discussion of the problem by management and supervision resulted 
in the decision that four factors should determine whether an employee 
should be given this training. These four factors were general 
intelligence, present knowledge of electricity, previous merit rating, 
and seniority with the company. It was further decided in conference 
that, although all of these four factors should be considered, they are 
not of equalimportance. It was decided that a fair weighting of their 
relative importance was as follows: 


General intelligence... 4yeeee ee ee ee 40% 
Knowledgeof electricity. ara oO Lee 30% 
Merit ratingiy ¢ 0... ee os ese ce eee 20% 
Seniority or service with the company...................... 10% 


To score the applicants according to this plan, each was given a 
general intelligence test and a test covering technical phases of elec- 
tricity. Merit ratings and seniority were obtained from the company 
records. Each of the four scores was converted into a Z-score and the 
four resulting Z-scores were respectively multiplied by 40, 30, 20, and 
10. For each employee the sum of the weighted Z-scores was used 
in indicating whether or not he was given the apprenticeship training. 


Correlation 


In numerous experimental situations, two variable quantities are 
so related that they vary, or tend to vary, with each other. A common 
problem in industrial psychology is to reduce to a simple and mean- 
ingful statement the facts that have been discovered concerning such a 
functional relationship. Suppose that a number of punch-press 
- operators during a given period of time have each punched a certain 
number of pieces and have each mispunched, or otherwise wasted, a 
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certain number of pounds of stock material. In such a situation, it 
might be of considerable importance for management to know whether 
any relationship exists (and, if so, how much) between quantity of 
work done and amount of material wasted. Indeed, the company’s 
policy with respect to speed of work recommended as well as the quality 
control in the form of penalty or bonus might well be formulated 
correctly only in the light of specific knowledge of the relationship 
between speed and accuracy. 

Consider a department employing eight operators for whom the 
following figures for production and waste in pounds are available: 


Operator Production Waste 


1s, bi 95 3.0 
Pi ale a 103 4.5 
Sse: 88 3.5 
2 eae 98 4.0 
De aepane 93 3.0 
Goa: 107 4.5 
eee 114 4.0 
be Jee ee 106 5.0 


It is difficult, if not impossible, to determine from a gross inspection 
of these two columns of figures whether any relationship exists between 
speed and accuracy. It is necessary to employ some type of graphic or 
computational procedure to determine the amount of relationship 


5.0 


4.0} 
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Fie. 93—A plot of the production and waste records for the eight punch-press 
operators shown above. 


which may exist between these two sets of data. One simple and 
sometimes’ satisfactory method consists of a simple plotting of the 
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values on co-ordinate axes and rough inspection of the results. If we 
let production be represented on the X or horizontal axis, and waste 
on the Y or vertical axis, then the production and waste of each 
operator will locate him on a chart, giving the result shown in Figure 93. 

A plot such as is shown in Figure 93 gives a much better indication 
of the presence or absence of a relationship between the data than can 
be obtained from the columns of raw data from which the chart was 
prepared. The chart shows that some relationship does exist, and it 
is even possible to draw in by inspection a line or curve that represents 
this relationship in an approximate form. 

Although this simple method of studying the relationship between 
two variables is sometimes adequate for very simple problems or for 
those that involve only a small amount of data, it is not adequate 
for an exact study because it does not result in a quantitative statement 
of the degree of relationship. The slope of the dotted line cannot 
be considered such a quantitative statement because: (1) this line is 
drawn in by inspection and, (2) its slope depends upon the units of 
measurement on both the x and Y axes. 

Two commonly used quantitative methods for measuring the degree 
of relationship between two paired sets of data are rank-order correla- 
tion and product-moment correlation. 


Rank-order correlation 


The use of this method may be described Hey applying it to the data 
for the eight punch press operators. 


TABLE XLLX 
COMPUTATION OF RANK-ORDER CORRELATION RANK 


Rank in Rankin Difference 

Operator Production Waste Production Waste in Rank (D) (D)? 
Leis 95 3.0 6 7.5 pes 2.25 
Deady 103 4.5 4 2.5 1.5 2.25 
SB Aww. 88 305 8 6 2 4.00 
7 eee 98 4.0 5 4.5 uo) 20 
aye edad 93 3.0 7 7.5 “0 25 
Gs eee 107 4.5 2 2.5 6 25 
Te hae 114 4.0 1 4.5 3.5 12.25 
Sis win tie 106 5.0 3 1.0 2.0 1.00 
22.50 

6 =D? 135 

Bee re ee 78 
N(N? — 1) 504 


In Table XLIX the two columns headed Rank give, respectively, 
the rank of the operators on the two measures (production and waste). 
The highest producing operator (in this case the seventh in the list) 
is given, a rank of 1, the second highest a rank of 2, and so on. In 
like manner, the rank of each operator in wastage is placed in the waste- 
rank column. In case two or more operators are tied for a given rank 
(as in the case of the second and sixth operators who are tied at 4.5 
pounds of waste each), the tied scores are all given the same rank, 
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which is the average of the ranks that would have been assigned to 
the tied scores if they had not been tied. The values in the D? column 
are obtained by squaring each D value. The sum of the D? column 
is then determined and the correlation computed by means of the 
formula: 

62D? 
N(N? — 1) 
N is the number of cases entering into the computation. 

This formula for the rank-order correlation is an empirical formula. 
It yields a value of +-1.00 if the data are in exactly the same rank order. 
(The reason for this may be seen from the fact that if all ranks are the 
same, all D’s are zero, all D? values are zero, 2D? is zero, and the 
formula becomes 1 — 0 = 1.) If the data are in exactly reverse order 
(that is, if the individual who ranks highest on one series is lowest on 
the other, and so on) the formula will yield a value of —1.00, but if 
no relationship exists between the two sets of data, a correlation of zero 
will be found. 

The use of this formula is ordinarily more satisfactory than a simple 
plotting of one variable against the other because it yields a quantita- 
tive statement of the degree of relationship and not simply a graphic 
representation that cannot be reduced to a numerical statement. 

However, if an appreciable number of cases is involved, the rank- 
order method of computing the degree of relationship is extremely 
laborious. For this reason—and for other reasons of a mathematical 
nature—it is ordinarily used only when the data are limited to a very 
few cases (less than 30). 


Ri=1— 


The product-moment coefficient 


This is the most widely used measure of relationship. Like the 
rank-order correlation, it may vary from +1.00 (ndicating perfect 
positive relationship) through zero (indicating no relationship) to 
—1.00 (indicating perfect negative relationship). The product- 
moment correlation, represented by the symbol r, may be defined in 
several ways. One of the simplest definitions is that r 7s the slope of 
the straight line which best fits the data after the data have been plotted as 
z2-scores on co-ordinate axes; that is, it is the tangent of the angle made 
by this line with the base line. 

Several terms in this definition require further definition. By 
slope is meant steepness with which the line rises. The slope of a 
straight line drawn in any manner across co-ordinate paper is defined 
as the distance, y, from any given point on the line to the x intercept, 
minus the distance, a, from the origin to the y intercept, divided by 
the distance, x, from the point on the line to y intercept. Thus the 


slope, which we will call 6, is defined in Figure 94 as follows: 
ba ee 


wv 
It should be remembered that, on co-ordinate axes, distances above 
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and to the right of the origin are positive, while distances measured 
below and/or to the left of the origin are negative. The slope of any 
line which rises as it goes from left to right will therefore be positive 
(the greater the rise in a given distance to the right the larger the posi- 
tive value of the slope) and the slope of any line which falls as it goes 


y; 


Fig. 94—The slope of the line RK S is defined as b= ¥—*%. 
wv 
from left to right will be negative (the greater the fall in a given 
distance to the right, the greater the negative value of the slope). 

By line of best fit in the definition is meant a line so drawn that the 
sum of the squared deviations in a vertical direction from the original 
points to the line is less than the sum would be for any other straight 
line that might be drawn. 

A rough approximation of the value of r may be obtained by 
plotting the z-scores of the two variables, fitting a straight line to these 
points by inspection, and graphically measuring the slope of this 
straight line. Although this method is never used in practical com- 
putation (because it is both inaccurate and laborious), the application 
of it to a set of representative data may serve to clarify the meaning 
of the correlation coefficient, r. Returning to the data for which we 
have previously computed the rank-order correlation (see Table 
XLIX on page 352), we first compute the z-scores for each measure: 
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TABLE L 


PropucTIoN AND Waste ror Eraut Puncu Press Orpprarors, wir 
CORRESPONDING Z-ScORES OF THE PRODUCTION AND Waste FIGuRES 


Z-Score in Z-Score in 


Operator Production Waste Production Waste 
ear eg Bete ats es ek 95 a0 — .69 —1.38 
DA die cto op eA, a hh A oO 103 4.5 +.31 + .82 
Ee on rs ores 88 ou —1.56 — .65 
Ee eerie. He. ee 98 4.0 —.3l +.09 
FIRS ar, pate SO eat. sve 4 oa? 93 3.0 — .94 —1.38 
i, ERs hie eats ae meee 107 4.5 - +. Sl + .82 
St ROSE ES ae oe tea 114 4.0 +1.69 + .09 
Ce er a bee ns 106 5.0 + .69 +1.56 
BylCisis sitatt Shee 104d ale 100.5 3.94 
RID RE sree hia a ceerge OME Lite a, 8.0 ' 68 


These pairs of z-scores are used as the x and y values for eight 
points which are plotted on co-ordinate axes as in Figure 95. The 
straight line that.seems best to fit these points is then determined (as 
with a stretched string which is moved about until the desired location 


Zo 
+2 


Fic. 95—A plot of the z-scores for production and waste records of the eight 
punch-press operators shown above. 
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is obtained) and drawn on the graph. The correlation, r, as deter- 
mined by this crude method, is obtained by measuring the slope of 
this line. The procedure applied to Figure 95 gives a value of r = .61, 
but it should be emphasized that this value is affected by: 

1. The accuracy with which the straight line has been located, and 

2. The accuracy with which the slope of the line has been measured 
after it has been drawn. 

Both points (1) and (2) operate to eliminate the possibility of 
complete accuracy in this method of determining a correlation coeffi- 
cient. Therefore, a mathematical method has been devised to make 
the computation, so that no plotting of points or graphic measurements 
are required. This method involves determining the equation of the 
straight line which, if plotted, would best fit the points and computing 
the slope of this straight line of best fit from the equation. 

It may be proved mathematically that the slope of the straight 
222, 


line of best fit is given by the following equation:* Slope = r = WN 


4'The proof of this formula is as follows: 
Zx1, 2x2, 2x3) » » » Son are the z-scores for the x variable 
Ziyi, Zy2 Zy3, - » » Syn are the zscores for the y variable 

The equation of any straight line is: y = a + bx. The problem is to find the 
values of the constants a and b in this equation which will give the straight line 
that ‘‘best fits’? the data according to the criterion of best fit stated on page 354, 
that is, the straight line which will give a minimum value to the sum of the squared 
deviations between the line and the original points. 

The first point (whose co-ordinate points are Zz; and Z,1) will deviate from the 
line by an amount: 

dy = Ziyi a OH bZ xi 
this deviation squared will oe 
= (Zy, — a — bZ,)? 
If the sum of all such Pat deviations of the points from the line ie repre- 
sented by u, then 
w= Xd? = B(4Z, — a — bZ,)* 

For the values of a and b which result in uw being a minimum, the derivatives of u 
with respect to a and 0b, respectively, must be zero. ‘To find the correlation coeffi- 
cient it is therefore eae necessary to differentiate the equation with respect to 
a and to b, to set the resulting derivatives equal to zero, and to solve for b (which 
is the slope of the straight line of best fit). This is done as follows: 


Ou 


=) = 23(Z, — a — 6Z,)(—1) (1) 
oa 
. “ = 25(Zp eee, (= 7.) PF 2) 
(1) above becomes: 
0 = —2Z, + Na+ bd2Z, 
DLy = Na + brZz (3) 
(2) above becomes: 
0 = —22,4, + a2Z, + b2Z,? 
DZ24y = aLDZ, + b2Z,? (4) 
It will be remembered that a z-score is obtained as follows (see page 347): 
Z,2% 7M: 


ov 
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where 2Z,Z, 1s read ‘‘the sum of the products of the z-scores for the 
pairs of points or values.”’ 


Where X is a given raw score, M, is the mean raw score, and oc, the standard 
deviation of the raw scores. 
The sum of all z-scores is therefore: 


xZ. = u(x — M;) 
Ox 
BEX NS 
te Cx < Ox 
NIX 
ae». ¢ N 
3 Cx mt Cx 
(Peg DX 
* ay i Cig 
= 0 
In a similar way it can be shown that 
7a = 20 


By substituting 0 for >Z, and ZZ, in (3) we find immediately that @in the equation 
of the straight line of best fit is zero. 

Working with (4), we find the value of b (which is the slope or the correlation 
coefficient) as follows: 


DZe2hy = aLZz + b2Z;? 
since ©Z, = 0, this becomes: 
Lhd = ODL." 
aici 2oiLy (5) 
22? 
It may be shown as follows that 2Z,? = N 
es X —M, 
Cx 
To = (X — M,)? 
fa 
v7.2 = 2K — Me) 
Ox? 
ae Sg 2 
572 = D(X? — 2XM, + M,?) 
Ox" 
ae 5 f 2 
372 = ~X? 2M ,=X +NM, 
Ox? 
ND, 
px? — 2 72 2X +N Ga 
Daf Ras 
Tx 
N>X?2 — 2(2X)? + (2X)? 
24," = = - 
EX? zX\? 
F- Ge) 
N>X2 — (2X)? 
=Z,2 a 


Toeexs. (ee 
Now Jace 
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Applying the formula to the data in Table XLIX, we may compute 
the correlation as in Table LI. 


TABLE LI 
COMPUTATION OF 7 BY Z-ScorE METHOD BETWEEN PRODUCTION AND WASTE 
FIGURES 
Z-Score in  Z-Score in 
Operator Production Waste Production Waste (Z1Z2) 
Deere ee 95 3.0 — .69 —1.38 + .95 
DR tre in 103 AD + .31 + .82 + .25 
Ree atti 88 3.5 —1.56 — .65. +1.01 
AN ae 98 4.0 — .3l + .09 — .03 
5 93 3.0 — 94 —1.38 +1.30 
OMe 107 4.5 + .81 + .82 + .66 
eee 114 4.0 +1.69 + .09 +.15 
ae eS 106 5.0 + .69 +1.56 +1.08 
+5.38 
hg +5.38 
ee ee ef, 
baa’ 8 


The value of r thus obtained by computation, .67, differs from the 
value of .61 obtained by plotting and inspection. The plotting and 
inspection method yielded a value which was somewhat in error for 
the data in question. 

While the z-score method of computing a correlation coefficient 
illustrated in Table LI may be used with any number of cases and will 
yield the correct mathematical value of r, the use of this method 
when many pairs of data are to be correlated is very laborious. It is 
therefore recommended, under such circumstances, that a modification 


of the fundamental formula r = ee, which makes it possible to 


N 
compute r from raw score values rather than z-score values be used. 
One convenient formula’ for determining the coefficient of correlation 


N*(2X*) — N(2ZX)? 


22,7 & 
N2iX? —. (2X)? 
372 = N[N 2X? = (2X)?] 
(NZX? — (2X)? 
22,7 = N (6) 
Substituting the value of =(Z,)? in (6) in equation (5), we have the slope or 
al end 24.4, 
EN 
6 The proof of this formula is as follows: 
neigh y 
La Nes 
be r= Me) Yee 
mae Or Ty 
1 OXY = XM ee eM i) 
ae Ox Cy 


ELEMENTARY STATISTICAL PROCEDURES 859 


directly from the raw data is: 
i. NEIXY — TXZY 
W/ NZX? — (3X)? ~/NZY? — (ZY)? 
When we apply this formula, for illustrative purposes, to the data 
tabulated in Table LI, the computations shown in Table LII result: 


TABLE- Lit 
COMPUTATION OF r DirEcTLY From Raw Data 
Production Waste 

Operator (x) (y) xX? ee XeY. 
es ae 95 on 9025 9.00 285.0 
Pap oT 103 4.5 10609 Zee 463.5 
nd enon: 88 34D 7744 1325 308 .0 
(ie ee 98 4.0 9604 16.00 392.0 
ey Aen 93 Fa) 8649 9.00 279.0 
Oe te 107 4.5 11449 20.25 481.5 
(Ses 114 4.0 12996 16.00 456.0 
Ss 106 50 11236 25.00 530.0 

POs SY aol penta = 81312 SY ta 1277S OXY =3195.0 


N=IXY — TX TY 
\/N=EX*® — (2X)2>/NZY? — (ZY)? 
me 8(3195) — (804) (31.5) 
CIS — (804)? +/8(127.75) — (81.5)? 
.67 
When a Ronee able number of pairs of Gare are to be correlated, 

the use of a chart will still further simplify the computations. Several 
forms of such a chart have been prepared. One convenient form is 
shown in Figure 96. This chart shows the computation of the cor- 


MD: PEO 
oie et N + aa N? 
N Ox Ty 
Bey | aes ney 


ZAY — a5 


i N 

N Ves - (3) ye en: 
N=XY — =XzY 

o N 

N Ne — (2X)? NSA Sy)2 
NG NG 
N=XY — sXsY 

1 N 

N \/NEX® — (3X)? >/NSY? — (ZY)? 

- N N 

1 NXANZXY — EXSY) 

NN \/NEX? — (2X)?>/NSY? — (ZY)? 

x N2XY — =XzY 

~ A/NEX? — (3X)? \/ NEY? — (SY)? 


ESMOT 170-'5 


Rclelon thirtor af tid and 


(2) (3) 
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relation between time used in inspecting 300 pieces of material and the 
number of defective pieces detected. In using this chart the following 
steps should be followed: 

1. Decide upon appropriate class intervals for one of the variables 
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Fra. ue chart used in the computation of a product moment coefficient of 
correlation. 
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(using the rules given on page 334) and write these in on either the x 
or the y axis. 

2. Decide upon appropriate class intervals for the other variables 
and write these in on the axis not used in (1) above. 

3. Place one tally mark on the scattergram for each pair of values 
being correlated. For example, if an inspector spotted 33 defects in 
16.5 minutes, the tally mark would go in the pigeonhole that is found 
at the intersection of the row containing 33 defects and the column 
containing 16.5 minutes. 

4. After all tally marks have been placed on the chart, the rows 
should be added horizontally and the sum of the tally marks in each 
row written opposite this row in the f, column (Column /). 

5. The tally marks in each column should be added and the sum 
written at the bottom of each column in the row (A), the f, row. 

6. The f, column should be added and the sum written opposite NV 
at the bottom of this column. The value of N thus obtained may be 
checked by adding the values tn the fz row. The sum of these values 
should also give the value of N. 

7. Each value of f, in the column so headed should be multiplied by 
the value of d, opposite it, and the resultant product written in Column 
3, headed f,d,. The sum of Column 3 is the value of ZY, which 1s used 
in the formula. . 

8. Each value in Column 8, the f,d, column, should be multiplied by | 
the corresponding value in Column 2, the d, column, resulting in the 
values for Column 4, or the f,d,? column. The sum of Column 4 1s the 
value of DY? which is used in the formula. 

9. The values going into Column 54, the fd, column, are determined 
by finding, for each row, the sum of the products of the number of 
cases in each cell times the x value of that cell. For example, in the 
first row in which a tally mark appears, there is only a single case, which 
appears in the cell under an zx value of 13. The value to go into the 
blank in Column 4 is therefore (1) (13) = 18. In the next row no 
tally marks appear; therefore this row is blank. In the next row, one 
tally mark appears in the cell under an x value of 11, two in the cell 
with an x value of 12, and one in the cell with an x value of 13. The 
value to go into the third cell in Column 4 is therefore (1) (11) + (2) (12) 
+ (1) (18) = 48. The remaining cells in Column 6 are filled in a 
similar manner. 

10. The cells in Column 6, the fd.d, column, are filled with values 
obtained by multiplying each value in Column 2, the d, column, by the 
value in that same row appearing in Column 4, the fd, column. The 
value in the first cell in Column 6 is therefore (15) (13) = 195. 
The sum of Column 6 is the value of 2X Y which is used in the formula. 

*~ 11. The values in row (C) are obtained by multiplying each value 
in row (A), the f, row, by the value directly below it in row (B), the 
d, row. The values appearing in row A have already been obtained 
(see Step 5 above). The resultant values are entered in row (C), 
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the f.d, row. The sum of the values appearing in row C rs the value 
of 2X which rs used in the formula. 

12. Each value in row (B), the d, row, should be multiplied by the 
value directly below in row (C), the f.d, row. The resultant values 
should be entered in row (D), the f,d.? row. The sum of the values in 
row (D) is the value of 2X? which is used in the formula. 

13. The values for N (see Step 6), ZY (see Step 7), DY? (see Step 
8), ZXY (see Step 10), YX (see Step 11), and 2X? (see Step 12) are 
now entered in the formula. The indicated arithmetic computations 
are then performed, yielding the value of r. 

The use of this method assumes that each measure has the value of 
the midpoint of the class interval in which it falls. The computations 
indicated on the chart result in obtaining not only the value for r 
but also the mean and the standard deviation of both the X and Y 
arrays. It will be noted that these are the same formulas previously 
considered on pages 339 and 345. 


Appendix 
Taylor-Russell Tables: 


Tables of the Proportion Who Will Be Satisfactory Among Those Selected, for Given 
Values of the Proportion of Present Employees Considered Satisfactory, the 
Selection Ratio, and r 
Proportion of Employees Considered Satisfactory = .05 
Selection Ratio 


r OS Ose cence 40 - .00)) .60>- 70 . 805 es. 90m 95 
_.00 [05a 05 Oommercom Oo .05°. 05° 105°) 1059 1205 F P05 
.05 UGen -OGgm Commerc 007" 05°) .05e7 .050. 068.05" FR.05 

10 07 07 07 06 NOR. .06 06 05 05 05 05 

15 09 08 07 07 Oi. 06 06 06 05 05 05 

20 Lt 09 08 08 Of 07 06 06 06 05 05 

25 12 11 09 08 Ose .07 07 06 06 05 05 

30 14 12 10 09 Ose 2 ()/ 07 06 06 05 05 

35 17 14 11 10 So .0S 07 06 06 05 05 

40 19 16 12 10 09° «=. .08 07 07 06 05 05 

45 22 17 13 it 10 ~—-«.08 08 07 06 06 05 

50 24 19 15 12 Me ~..09 08 07 06 06 05 

55 28 22 16 13 Pi 09 08 07 06 06 05 

60 dl 24 17 13 i 09 08 07 06 06 05 

65 35 26 18 14 pe. 10 08 07 06 06 05 

70 39 29 20 15 ia 10 08 07 06 06 05 

75 44 32 21 15 tae. 10 08 07 06 06 05 

80 50 35 22 16 fre. 10 08 07 06 06 05 

85 56 39 23 16 te «10 08 07 06 06 05 

90 64 43 24. 17 13.)— 10 08 07 06 06 05 


Proportion of Employees Considered Satisfactory = .10 
_ Selection Ratio 


r 057 10 0es 309.40 =. 50.60 S70 80m 190) 95 
.00 Ope Ome Omee Oe. -10- 710~ 10 Oe Oe 10 10 
.05 am PD ee ae) is as a lth "s)he yee oer Ore 10) -.10 
.10 Ae ome lomemetze 12° tt Bl sco: a ete.) 10 
.15 toe tome tamer to 13° 12 Pee ie tr. 10 (10 
.20 LlOReviieeec meee 14 IS Cee Ph ET .10 
.25 Lc vom eee, 14. ° lo) eee eA. 5510 
.30 20m memes. «15. Ia Oi, kt lle 210 
.35 (25a eee 6«=6 1G LD eto ID IT. 10 
.40 ol Laem -:1/- . LOM ciaeets 12 il .10 
45 Oise cme eee: 1S: | COP tomes, 2a IT, -.10 
. 50 Con oc commer. 195, . Lie oes) S121: 211 a8! 
.99 4a oome come to. 205 . LG emeetomer tas 2120 11 one 
. 60 oe oom ome 20. °° wl Lee Poem ae ee ID) LL 1d 
.65 DG tO moles 322) eee ome 4a 12) Ld DD 
MAY ACM 2" .22 00 Oommen) 12 LIT odd 
05 (OA eee eo et 20, 23> oe A ED LL LTD 
.80 cul Soom 40 oO {2am dey 12) AL 
85 eae Oc me 4am. 63) fy  2ORe ecm 14) 12: TL OO 
.90 (SGmmeOumr 4007.35: ©? 2o een 20eew ge 214) '.12 1s ot 
.95 .95 foe 40.) 50:6: Zoe meee 14 12 Ld 


1.00 i Ome Ode 50 0033 Dome Ome tyme. 14)%: 138) a 


1 These tables are reproduced by permission from H. C. Taylor and J. T. Russell, ‘The Relation- 
ship of Validity Coefficients to the Practical Effectiveness of Tests in Selection: Discussion and 
Tables,” Journal of Applied Psychology, X XIII (1939), pp. 565-578. 
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364 
Proportion of Employees Considered Satisfactory = .20 
Selection Ratio 

r .05 .10 26 .30 .40 . 50 . 60 .70 . 80 .90 .95 
.00 . 20 . 20 . 20 . 20 O20 . 20 . 20 . 20 . 20 . 20 . 20 
.05 wa pao 22 ‘22 21 ot 2) yop P20 . 20 . 20 
.10 . 26 525 P24 BZo 123 122 22 ann 2 hor 2h .20 
115 . 30 .28 . 26 Roe 24 23 we ie “20 a . 20 
“20 non sal 28 bg 226 2D 24 26 eZ wt 24 
125 baa bod ae .29 PAB . 26 24 rae i) wok yor 
.30 Al nove CA nou .28 ak bey ts 0246 ee ia aia) 
P30 AD 41 .36 ay: . 30 .28 . 26 . 24 a2D .22 Al 
.40 .49 44 .38 . 34 i) .29 ee 25 eh pe: wah 
25) oO: 48 re .36 33 . 30 28 26 aye w22 vs! 
.50 .59 iy!) .44 38 noo ior .29 .26 24 22 eek 
LBS .63 .56 rag 241 . 36 eae .29 s27 24 sae wa 
. 60 .68 .60 Pou) a6 38 34 . 30 27 24 (22 had 
Mates ho . 64 Nos .45 .39 .35 ea oe 525 ea A 
.70 .79 .69 .56 48 Al .36 vol 28 cop 22 WAS 
to 84 .74 .60 .50 .43 ror baa 25 5, 22 BoA 
. 80 .89 .79 . 64 8 .45 .38 Bes: 28 Mie: Uae WAS 
.85 .94 85 . 69 .56 AT .39 foo he) Pde 22 Yah 
.90 .98 91 WE . 60 .48 .40 ‘oo .29 25 #22 21 
.95 1.00 .97 82 . 64 .50 .40 too .29 «75 v22 nes | 

1.00 1,00, 31.00 41.00 .67 .50 .40 Br .29 225 wae Zi 

Proportion of Employees Considered Satisfactory = .30 
Selection Ratio 

r .05 PEO 20 teu .40 .50 .60 .70 .80 .90 .95 
.00 .30 . 30 . 30 . 30 . 30 . 30 .30 . 30 . 30 .30 .30 
.05 14 Too i338 va 4 soe Bot ie | ob Mall . 30 .30 
.10 .38 . 36 ts 234 5) iso wey eka sok na . 30 
Gs 142 .40 .38 .36 <a BY! a Oo aoe .3l bol 
20 .46 143 .40 .38 -34 ESG . 34 Lac roo com Pol 
AS .50 Ad .43 eA .39 Hl 36 34 oD Ry yo | 
. 30 .54 .50 .46 AG .40 38 aT .35 .33 sy eal 
Oo .58 54 .49 (AS 42 .40 .38 .36 34 Roe coe 
.40 AOa .508 aot At 44 41 .39 eB, 34 oe Lol 
.45 .67 xGL “55 .50 46 R45 .40 ter 55. Sey Yel 
.50 ie .65 .58 Bay's 48 .44 AL 38 Poo (oo roi 
Wisi: AS. .69 a 06 .50 .46 .42 .39 .36 on nol 
.60 81 .74 . 64 .58 O02 bad .43 .40 . 36 woo ant 
.65 .85 78 .68 . 60 O44 .49 .44 .40 3¢ oo as 
.70 .89 .82 ae Oe “Db oil .46 Al Ot “ae np 
Shes .93 . 86 .76 .67 .59 iy: AT vA2 208 Heb von 
. 80 .96 .90 .80 .70 . 62 54 48 42, ye fats: toe 
.85 .99 94 .85 .74 .65 356 .49 43 130 .30 1 
.90 1.00 .98 .90 .79 .68 “Do 49 43 ol ron e323 
.95 1.00 Gr 00 .96 .85 iz .60 use vAS aoe too Mey 

1.00 £00" 1260-100 12.00 a7 5 . 60 .50 .43 .38 Re ee 
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Proportion of Employees Considered Satisfactory — .40 
Selection Ratio 
r pO ea Gere 2 eal 40. 602" 60 ©. 70. *.80.'". 90  .95 
.00 MO AN a0 ee AQr 40." 40° 40 40 407° 40°. 240 
05 4A roam eae 42 427242) ALY 41 AL. 40 40 
10 AR TAT ey 2a. 400). 44 4By 4D 4D AD AT 40 
15 eee ee faery AG 45. 44 AS A Does VALS A 
.20 oO .o4 .ol .49 .48 .46 45 44 .43 Al Al 
.25 (Olean eter ore! 49°) 4800 4606. 4618 4g FAO eA] 
.30 Hoge Ole Lage Ot OL 490. AG 46 Ae ADE UA] 
35 OO der Oat Oo 00) 0800.51" 49 0 AT Te 4b me AD tI 
.40 Pome Ooms Osa our 7 08 8 253.9 .00 6.4807 4G ae AT 
45 ht meeee OO) OL 8 OS's 54°. 61° 249 P46 AB Crag 
50 (Brae rGmmt eG) 8.64. 2600 56° 153 6s 494846 2) 48 1840 
.59 (BOE Oe eta) O06.) 2624" 2.08", 542° 500 Ata 44 Odd 
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mee et OO 1. 00F F100 00 T.00° 7.80." 67 257 9 750" 744 AD 
Proportion of Employees Considered Satisfactory = .50 
Selection Ratio 

r 0 ealO ree e380). 140 50, CORE ieee er OL 95 
.00 (Ube OUm mee aUite OU) s« 00°. >. 50) = 0b tye O0 an OOS 508: 50 
.05 CO et ODE Oe O02. @ 02), os Ol aemelem -Ok tes, 00.) 350 
10 Doki 200 gen, OO are. DO 54... .08 (yo 4 OG mmo cmaee Oe LG) \..o0 
15 DOs en OL et One cor 56 Sov. 5 OAR om Of ie lol) «01 
20 SO187, EGLO Ole 259 58  =.56 55.54.53 j20 ol 
25 Wer Oriss ote Gs, .60  .58. 25.56 Hone, OF044,02,) .o1 
. 30 Cae) er Ogee 02... .00p 3 ORM OO8 ant OF 52. +. 51 
35 reer | ie (ee OOss. 04. ,. 61) A) DOr. DOr do. ..51 
.40 Onna. (ous tog O01. 66. |. 63 nc 7Olee 08:56 53.52 
45 0p a See eee? 6 O8 |; 65 CO Oe ag. 66). 53 52 
.50 Cou ee ee ae LO os OF Oommen OO a STi... 54.) 52 
55 CO lant OC tiene SE Oe 2 oi OF ee Oommen Glee. bS™...54: 62 
. 60 POL) Me SO TO). <t. (Oia OObam O20. 'O9 20. 54 252 
.65 COD AU ee Oe oly 0 1 2... PO) ey VOR mn en, 09 55 = 62 
ate Os eo eves. 800 0R- 365° | 60 -..55 DS 
75 SOU ee) ne ey OS Re i te OOt ee OL 55" 22bS 
Pet Ovum OO” SO SO ae ee Ot x 61 455 5.58 
ed) OO ser O0 tie Ve OF... 88) Ble ie 60). G2) (55> ».68 
Ostet ) OO me Coe Os 92). BO we eeu 408) 62 « ..56), 63 
iat, OU a OO Ona. 09)” ..96 -.90 — Sli. 71» 63.56. 5.83 
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Proportion of Employees Considered Satisfactory = .60 

caecnen Ratio 
r .05 .10 . 20 . 30 .40 .50 60 .70 .80 .90 .95 
.00 . 60 60 . 60 60 .60 .60 . 60 . 60 . 60 .60 . 60 
.05 . 64 63 .63 62 62. soe .61 ‘Ga .61 .60 .60 
.10 . 68 67 .65 64 . 64 63 .63 .62 .61 .61 .60 
uLS ty ot | 70 . 68 67 . 66 .65 . 64 .63 .62 .61 .61 
. 20 mes 73 et 69 67 . 66 .65 . 64 . 63 . 62 61 
525 .78 76 nas 71 .69 .68 . 66 .65 .63 . 62 .61 
. 30 82 79 .76 73 71 69 . 68 . 66 . 64 . 62 .61 
‘0D .85 82 78 75 to 71 . 69 .67 .65 .63 . 62 
40 .88 85 81 78 .75 ye) .70 .68 . 66 .63 .62 
$45 .90 87 .83 80 ny 6 44 ie . 69 . 66 . 64 562 
.50 .93 90 . 86 82 .79 -70 beers .70 .67 . 64 .62 
aD .95 92 .88 84 81 78 £iD a | . 68 . 64 . 62 
. 60 .96 94 .90 87 83 .80 .76 rik . 69 .65 .63 
.65 .98 96 .92 89 .85 82 .78 74 .70 .65 .63 
.70 .99 97 94 91 87 84 . 80 aris ae . 66 .63 
a7 .99 99 . 96 93 .90 . 86 81 Led are . 66 :63 
.80 | 1.00 99 .98 95 .92 .88 .83 78 ee . 66 .63 
85 1.00 1.00 .99 97 .95 91 . 86 .80 ark; . 66 .63 
.90 1.00 “21 00: 4.06 99 .97 .94 88 .82 att O€ . 63 
.95 1.00 1.00 1.00 1.00 .99 .97 . 92 . 84 itd .67 .63 
1.00 1:00: 1.00 ~£.00 ©1.00 5.00 »=1:00 -23:00 . 86 ay 5 .67 .63 

Proportion of Employees Considered Satisfactory = .70 

Selection Ratio 
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. 60 .98 97 .95 92 .90 87 .85 . 82 .79 AS vio 
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.70 1.00 99 .97 96 .93 91 88 84 .80 He gas yrs) 
aD 1.00 1.00 98 97 .95 .92 89 . 86 81 .76 us 
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Proportion of Employees Considered Satisfactory — .80 
Selection Ratio 
Vhs .05 .10 20 . 30 40 “OU . 60 o£0 .80 .90 .95 
.00 .80 80 80 80 .80 80 80 80 80 . 80 .80 
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Proportion of Employees Considered Satisfactory = .90 
Selection Ratio one 
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Appendix C 
Publishers of Tests 


1. This summary is reproduced in part from Experience with Employment Tests, 
Studies in Personnel Policy, No. 32, National Industrial Conference Board, Inc., 


247 Park Avenue, New York, N. Y. 


1. Intelligence Tests 


Title 
Army Alpha, Bregman’s Revision.......... 


Mey -AVpiS, . boring 5 ANd 7iastoast. «5 i-. ss 8 
PTY SAIDNA. ORIN G29 shroud eh Seva vies) 6 
Army Alpha, Nebraska Revision........... 


Army Alpha, Schrammel-Brannan.......... 
Benge Test of General Knowledge.......... 
PRT OR IE ECSU ay BM Geis) ciel te fake dk we bpal a Once ees 
Detroit General Aptitudes Examination..... 
Henmon-Nelson Tests of Mental Ability. ... 
O’Rourke General Classification Test....... 
Otis S-A Test of Mental Ability............ 
Pressey Senior Classification Test........... 
Pressey Senior Verifying Test.............. 


Purdue Industrial Training Classification 
' Test, Forms A and B......... 


Roback Mentality Tests................... 
Scott Company Mental Alertness Test...... 
Stanford Scientific Aptitude Test, D. L. Zyve 
Terman Group Test of Mental Ability...... 


Vocational Aptitude Examination (Cleeton 
OE TO SR aig a yc akties 


Publisher 
Psychological Corporation, 
522 Fifth Avenue, 
New York City 
Psychological Corporation 
Psychological Corporation 
Sheridan Supply Company, 
P. O. Box 887, 
Beverly Hills, Cal. 
Bureau of Education Measurements, 
Kansas State Teachers College, 
Emporia, Kansas 
Management Service Company, 
3136 N. 24th Street, 
Philadelphia, Pa. 
Psychological Corporation 
Public School Publishing Company, 
Bloomington, Il. 
Psychological Corporation 
The Psychological Institute, 
3506 Patterson St., N. W., 
Washington, D. C. 
World Book Company, 
Yonkers, N. Y. 
Public School Publishing Company 
Public School Publishing Company 


. Science Research Associates, 


1700 Prairie Ave., 
Chicago, Il. 

C. H. Stoelting, 

424 N. Homan Avenue, 
Chicago, IIl. 

C. H. Stoelting 

Stanford University Press, 
Stanford University, Cal. 
Psychological Corporation 


Psychological Corporation 
K. F. Wonderlic, 

919 N. Michigan Ave., 
Chicago, Ill. 
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2. Clerical Tests 


Title Publisher 

Benge Clerical (Tesi) patars ee eee a= kee es, Management Service Company 
Benge’s Stenogauge.. ............. Psychological Corporation 
Bennett’s StenographicTest.. A ete merge a Psychological Corporation 
Blackstone Typewriting Test.............: Psychologica! Corporation 
Clapp-Young Arithmetic Test.............. Psychological Corporation 
Clem Senior Typewriting Test............. Public School Publishing Company 
Cole Guidance Examinations in the Funda- . 

mental’ VioCe ian vie ents tcf) c iors. gene Public School Publishing Company 
Detroit Clerical Aptitudes Examination..... Public School Publishing Company 
Link's: Context dest meee ok i og wissen C. H. Stoelting 
Markham English Vocabulary Tests........ Public School Publishing Company 
Michigan Vocabulary Profile Test Form BM World Book Company 
Witch. P. Clericgiel esters yt. as ween Psychological Corporation 
Minnesota Test for Clerical Workers........ Psychological Corporation 
O’Connor’s English Vocabulary, Worksample 

05; LROTHng nA 0: On ener en oe est AR Stevens Institute of Technology, 


Hoboken, New Jersey 
O’Rourke Clerical Aptitude Test, Junior : 
CREO Rte eh ree ROR, et 5 icky Psychological Institute 


OtisvAmith metic Pest ween cs ers World Book Company 
Pressey Diagnostic Test in Eng. Comp...... Public School Publishing Company 
Rogers’ Stenographic and Typing Tests..... C. H. Stoelting 
Schorling—Clark Potter Arithmetic Test... _ Psychological SOE PER ID 
Scott Company File Clerk Test............ C. H. Stoelting 
Shellow’s Intelligence Test for Stenographers 
aid 1 \pIsts Ss. ac ceo Re ea stars os C. H. Stoelting 
Thurstone Examination in Clerical Work, 
Porm cA cou cea al ee ee ee World Book Company 


Thurstone Examination in Typing, Form A.. Psychological Corporation 
Tressler Minimum Essentials Test (English) Public School Publishing Company 


3. Mechanical Tests 


Bennett’s Test of Mechanical Comprehension, 


sorms-Avand AA® .:.sc¢6 he eee ee Psychological Corporation 
Detroit Manual Ability... :i.Abteeaee ee ee) C. H. Stoelting 
Detroit Mechanical Aptitudes Examination, 
[OVS a) ee ee PMO ee on 5 ae Public School Publishing Company 
Kent-Shakow Industrial Form Boards....... C. H. Stoelting 
MacQuarrie Test for Mechanical Ability..... California Test Bureau, 


3636 Beverly Boulevard, 
Los Angeles, California 


Minnesota Mechanical Assembly Test....... Psychological Corporation 
Minnesota Paper Form Board, Series B, 

Revised Series (A Avis '3 acs ES ee Scrence Research Associates 
Minnesota Rate of Manipulation Test...... Psychological Corporation 
Minnesota Spatial Relations Test........... Psychological Corporation 
O’Connor Finger Dexterity Test............ C. H. Stoelting 
O’Connor Tweezer Dexterity Test.......... C. H. Stoelting 
O'Connor Wiggly iBlock< 7. faateeth ee Stevens Institute 
O’Rourke Mechanical Aptitude Test, Junior ; 

Grad@sc fei pose sb eka lele sneer Psychological Corporation: 
Purdue: Pegboard sh fae: aninetoneee ee Science Research Associates — 


Stenquist Mechanical Aptitude............. Psychological Corporation 


PUBLISHERS OF TESTS 
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4. Personality Tests 


Title 


Allport Scale of Values: Test. cy oc. 2. ap. 


A-S Reaction (Beckman’s Revision)........ 
Bell’s Adjustment Inventory.............. 
Benge Interest Test.. ae one ae 
Bernreuter Personality Inventory. ee ae 
California Test of Personality, Secondary 

URE NS se nt ee SRE 


Inventory of FactorsS TDCR..-......... 
Keeler Polygraph....... Bee alae arti 


Kuder’s Perference Record..............; i, 


NEGUPO Sa OSU so. sc ww Xk se whee pe RS 
Psycho-Somatic Inventory............... 
PeGOt SNC Wrleb LOSt.... 6 ccc c's ee ke ep ewe 


Publisher 


Houghton Miffin Company, 
2 Park Street, 

Boston, Mass. 
Psychological Corporation 


. Stanford University Press 
. Management Service Co. 


Psychological Corporation 


California Test Bureau 

D. G. Humm Personnel Service, 
Los Angeles, California 
Sheridan Supply Company 


.. Associated Research Inc., 


431 South Dearborn St., 
Chicago, Illinois 

Science Research Associates, 
1700 Prairie Avenue, 
Chicago, Illinois 
Psychological Corporation 


.. Psychological Corporation 


Psychological Corporation 
University of Chicago 


5. Interest Tests 


Brainard-Stewart Specific Interest Inven- 

OTe os, 8. eS 
Cleeton Vocational Interest Inventory....... 
Le Suer Occupational Interest Blank........ 
Link’s Personality Quotient Test........... 
Manson Occupational Interest Blank for 

USES TR 5 oe ES rrr 
' Minnesota Interest Analysis............... 
Strong Vocational Interest Blank for Men... 
Thurstone Vocational Interest Schedule..... 


Psychological Corporation 
Psychological Corporation 
Psychological Corporation 
Psychological Corporation 


Psychological Corporation 
Psychological Corporation 
Stanford University Press 
Psychological Corporation 


6. Trade Tests 


Purdue Vocational Tests 


1. Machine Shop and Machine Operation Science Research Associates 


(Total score for general machinist and 
lathe, 
shaper and planer, milling machine, 


sub-seores for operators of 
and bench workers) 

Pe NCCLTIOIUV <2. east tie oe a Sooke sn a ek 

3. Industrial. Mathematics............... 


Science Research Associates 
Science Research Associates 


7. Industrial Vision Tests 


Bausch and Lomb Visual Classification and 


Pe eracement: Veste. oom Mae's ote a) coe 


Keystone Visual Safety Tests........ 


Bausch and Lomb Optical Com- 


pany, 
Rochester, New York 


. Keystone View Company, 


Meadville. Pennsylvania 


' Accidents: 


INDEX 


Ability: 

defined, 24 

individual differences in, 195 

measurement of, 25 

mechanical, tests (see Mechanical 
comprehension tests) 


Accident proneness, 282-294 
as cause of accidents, 283, 286 
causes for: 

age, 294 

job, 291 

psychological, 292 
Cleveland Railway Co., study, 297 
defined, 283 
emotional cycles and, 298 
emotional factors, 297 
external factors related to, 289 
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types, departmental differences, 
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vision and, 142 
Accomplishment, relation of neu- 
rotic tendencies to, 112 
Accuracy: 


of inspectors, measuring, 263 
speed and, relation between, 101 
Achievement tests: 


defined, 24 

function of, 95 

group, 104 

miniature or job sample method, 
99 


oral trade questions, 96 
Purdue Vocational Tests, 104 
types of, 96 
use by schools, 110 
vocational, 110 
written: 
by whom used, 104 
uses of, 107 
Acuity, visual (see Visual acuity) 
Adams, 8., 160 
Administrators of tests, 47 
Age of employee: 
color discrimination and, 151 
depth perception and, 151 
distance acuity and, 148 
hospital visits, relation between, 
294 
near acuity and, 149 
relation to merit rating, 258 
visual changes with age, 147 
Allen, E. P., 93 
American Council on Education, 
Psychological Examination, 52, 
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safety and production study, 
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American Medical Association: 
letter test chart, 128 
system of visual acuity, 127 
Anderson, L. D., 94 . 
Anderson, V. V., 302 
Angles, A., 224 
Applicants, visual qualifications of, 
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Apprentices: 
attitudes toward job, 329 
selection: 
by battery of tests, 93 
by written achievement tcsts, 
107 
training of (see Apprentice train- 
ing) 
Apprentice training: 
co-operation with testing Civision, 
206 
federal committee on, 205 
instructional period, 204 
skilled tradesman, 205 
Aptitude tests: 
defined, 23 
differentiated from achievement 
tests, 24 


Arithmetic mean: 
defined, 338 
when to use, 342 
Arps, G. F., 220 
Artistic interest, test, 121 
Asbestos workers, achievement test 
for, 97 
Assembly work: 
fine, vision on, 136 
small, finger dexterity in, 87 
Assorting tin-plate, 262 
Atlantic Refining Company, 245 
Attitudes (see also Morale) : 
combination of, 329 
factors affecting: 
job, 322 
rank, 322 
success, 323 
fatigue and, 229 
faulty, 297 
female employees’, 328 
male employees’, 328 
measurement, 318 
of apprentices, 329 
praise, effect on, 326 
scale (see Attitude scale) 
supervision, effect on, 324 
survey: 
function of, 326 
value of, 329° 
toward vision tests, 182 
working conditions, effect on, 325 
Attitude scale: 
administration, 320 
construction, 319 
examples, 318 321 
value, 322 
Autistic schizoid component, 114 


Bank employees, study of, 54 
Batson, W. H., 209 
Battery of tests: 
bases for, 95 
employment tests for relief vis- 
itors, 56 
for selecting apprentices, 93 
for sewing machine operators, 94 
functioning of, 43 
necessity for, 42, 45 
placement, for inspectors, 272 
selection tests, 42-47 
visual : 
Bausch and Lomb Tests, 133 
composition of, 158 
Keystone Visual Safety Tests, 
129 
value of, 165 
Bausch and Lomb Visual Classifica- 
tion and Placement Tests for 
Industry, 133 
Bedford, T., 222, 223 
Bench hands, selection of, 88 
Bennett, George K., 61 
Bennett Test of Mechanical Com- 
prehension, 23, 61 72, 74 
Bergen, G. L., 325 
Bergen, H. B., 318, 319, 328 
Bernreuter, R. G., 113 
Bernreuter Scale, 55 
Bevington, S. M., 225 
Bills, M. A.. 2, 54, 58 
Bingham, W. V., 249 
Bird, C., 207 
Bishop, M. K., 17 
Blackstone Stenographic Proficiency 
Tests, 103 
Blake, Joe, case, 202-204 
Blankenship, A. B., 186 
Blum, M., 85 
Bock, A. V., 224 
Bodily measurements, relaticn to 
dexterity, 78 . 
Book, W. F., 210 
Boredom, in repetitive work, 230, 316 
Bregman, E. O., 216 
Brewer, J. M., 112 
Buros, Oscar K., 52 


Cc 


Candee, B., 85 
Capacity : 
defined, 24 
measurement of, 25 
Cardall, A. J., 122 


Cardall Primary Business Interests 
Test, 122 
Carroll, Praneia E., 150, 184 
; Central tendency of data: 
arithmetic mean, 338 
median, 340 
mode, 341 
Chambers, E. G., 303, 306 
“Chance-halves” method, in deter- 
mining reliability of test, 32 
Change, technological, effect on 
training, 109 
Change Making Test, 55 
Charts: 
merit-rating, 233, 235 
Snellen letter chart, 125 
Chave, E. J., 318 
Christy, F. C., 117 
Clarke, W. V., 55 
Clerical selection, mental — ability 
tests in, 53, 94 
Clerical work: 
job sample in, 103 
vision in, 139 
Clerical workers, intelligence of, 2 
Cleveland Railway Company, study, 
297 
Cobb, P. W., 148 
Coil winders, selection of, 88 
Coler, C. 8., 328 
College graduates, training program 
for, 206 
Collier, H. E., 325 
Color discrimination: 
accurate, importance of, 132 
and age, 151 
Come through, defined, 23 
Compensation, visual measurement 
for, 125 
Computational interest, test, 121 
Conferences: 
inspectors’, 277 
safety, 309 
supervisory training: 
evaluation, 191 
program, 200 
Contour Measuring Projector, 161 
Co-operation, psychology of. 236 
Copeland, H. A., 56 | 
Correlation, variable. quantities, 350 
product-moment coefficient, 353 
wrank-order method, 352 
Correspondence courses, 207 
ox J. BR... 67 
Cox Aieohanicn! Aptitude Test, 5a 
Cox Mechanical Models Test, 67 
Crowden, G, P., ‘228 
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Data: 
central tendency of, 338 (see also 
Central tendency of data) 
graphic presentation of, 333 
measures of variability, 343 
variability, measures of (sce 
Variability of data) 
Davidson, H. P., 171 
Demotion, merit rating and, 237 
Departments: 
accident types, differences among, 
31] 
equipment maintenance, 199 
hospital visits, rate differences, 
291 
industrial engineering, 199 
industrial relations, 198 
inspection, 199 
personnel, 198 
Depression and accident proneness, 
297 
Depression periods, mistakes in hir- | 
ing during, 60 
Depressive cyeloid component, 114 
Depth perception: 
age and, 151 
defined, 132 
Detroit Mechanical Aptitudes Ex- 
amination, 62 
Deviation: 
mean, or average, 343 
standard, 344 
Dexterity, bodily measurements, re- 
lation to, 78 
Dexterity tests: 
differentiated from mental ability 
tests, (7 
follow-up study, 88 
Hayes Pegboard, 80 
listed, 86 
MacQuarrie Test for Mechanical 
Ability, 83 
miscellaneous, 83 
O'Connor Hinger Dexterity oe 
78 
Purdue Dexterity Test, 81 
Purdue Hand Precision Test, 81 
scores related to job performance, 
92 
typical tests, 78-85 
uses of, 85 
Dickinson, Z. C., 229 
Differences: 
individual (see Individual differ- 
ences ) 
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Differences (Cont.) : 

in vision, 13 
Dill, A. B., 224 
Director, safety, 297 
Distribution : 

frequency, 333 

normal, 337 
Downey, J. E., 112 
Downey Will-Temperament Scale, 

112 

Drake, C. A., 92, 304, 305 
Driver, R. 8., 239, 245 
Duke-Elder, W. S., 153 
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Eagle Pencil Company, 92 
Edwards, H. T., 224 : 
Efficiency variation, of present em- 
ployees, 38 
Electrical fixture assemblers, selec- 
tion of, 87 
Electricity, technical information 
in, test, 105 
Elementary statistical procedures, 
333 
Elliott, R. M., 68, 94 
Emotional cycles and accidents, 298 
Emotional factors, accident, prone- 
+ p.ess; 297 
Emotional maturity, test for, 300 
<Employees: 
attitudes (see Attitudes) 
attitudes toward vision tests, 182 
bank, study of, 54 
emotional problems and accidents, 
~202 
giving numerical values of rat- 
ings to, 254 
high-ability, 2 
inexperienced, safeguarding, 308 
low-ability, 2 
morale (see Morale) 
new: 
testing tests on, 28 
visual classification and place- 
' ment, 164 . 
personality traits of, 111 | 
—présent: 
percentage satisfactory, 38 
testing tests on, 25 
testing (see Employee testing) 
training (see Training of em- 
ployees) 
transfer, use of tests in, 108 
visual education, 181 
visual tests, 179 


Employee testing: 
functional value of, 30 
function of, 21 
group, 36 
individual, 36 
place of, 20 
program, value of, 21 
psychological methods, 22 
selection ratio in, 34 
testing tests, 25 (see also Test- 
ing the tests) 
tests, types of, 22 
Employment: 
manager, mistakes made by, 60 
office, personnel procedures in, 20 
visual measurement for, 129 
Environment, a cause of individual 
differences, 18 
Epileptoid component, 114 
Equipment maintenance department, 
199 
Ewart, Edwin, 241 
Experience and production, relation 
between, 16 
Experiment, testing tests through, 
25 
Experts, co-operation with foreman, 
200 
Eyewear: 
glasses, effect on job perform- 
ance, 145 
goggles, safety, 168, 169, 310 
maintenance of occupational, 175 
occupational, 160, 170 
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Farmer, E., 225, 303, 306 
Fatigue: 
* conceptions of term, 217 
illumination and, 220 
industrial, 219 (see also Indus- 
trial fatigue) 
psychological, 218 
physiological, 217 
reduction (see Industrial fatigue) 
visual acuity and, 221 
Fear, and accident proneness, 297 
Federal Bureau of Investigation, 
survey by, 116 
Federal committee on apprentice 
training, specifications of, 205 
Ferree, C. i: 828 
Filters, optical, 160 
Financial incentives: 
fatigue and, 228 
for learning, 212 
importance attached to, 314 


Finger dexterity: 
in small assembly work, 87 
in watch making, 85 
pegboard, 11, 13 
Finger Dexterity Error Score, 43 
Fisher, Hart’ E., 172 
Fletcher, E, D., 142, 182 
Foreman: 
compared with job trainer, 193 
co-operation with experts, 200 
duties of, 199 
interest tests for, 120 
training of, 198 
Forms, merit-rating, 232 
Fraser, F. A., 223 
Frederick, J. G., 300 


Frederick Test for Emotional Ma- 


turity, 300 


Frequency distribution and _ poly- 


gon, 333 
G 
Gardiner, Glen, 324 
Garrett, Henry E., 28, 50, 338 
Gates, DSi 204 
Geiger, H. E., 329 
George-Deen Act, 206 
Giberson, L. G., 328 
Giese, W. J., 117 
Gilbreth, F. B., 227 
Glasses, and job performance, 145 
Goggles, safety, 310 
Goppert, H. R., 10, 105 


Government agencies, visual stand- 


ards of, 170 
Graney, M. R., 70, 74 
Graphic presentation of data, 333 
Greenly, R. J., 2, 11, 14, 58, 87 
101, 188, 201, 231, 233, 329 
Greenwood, M., 283 
Griffitts, C. H., 78 
Group testing, 36, 37 
Group tests: 
examples of, 23 
mechanical comprehension, 61-67 
Guilbert, H., 312 
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Haggard, W. W., 224 
Haines, C. E., 328 
Hall, O. M., 73, 325 
Hall, P., 328 
Hallock, F. L., 328 
Halo effect: 

defined, 258 

how minimized, 259 

operation of, 239, 240 
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Harrell, W., 56, 74 
Hartmann, G. W., 16, 17 
Hawthorne Plant, Western Electric 
Company, 57, 75, 77 
Hayes, Elinor G., 80 
Hayes Pegboard, 80, 91 
Hayes Pegboard Test of Manual 
Dexterity, 23, 43 
Heidbreder, E., 68, 94 
Heinrich, H. W., 280 
Henig, M. S., 303 
Heredity, as cause of individual dif- 
ferences, 18 
Hersey, R. B., 227, 298, 299, 315 
Hewes, A., 294 
High-school graduates: 
hiring, 60 
job qualification test, 11 
Hinckley, E. D., 320 
Hines, M., 11 
Holliday, F., 56 
Hoppock, R., 317 
Hosiery loopers: 
acuity and production, 140 
consistency of production, 8 
learning cost to company, 46 
optical aids and production, 162 
Hosiery looping: 
demands of, 6 | 
qualifications for, 18 
testing the tests for, 27 
vision in, 139 
visual acuity in, 153 
Hospital visits, data, 284 et seq. 
Hours of work, and fatigue, 224 
Houser, J. D., 314 
Hull, Clark L., 37 
Humm, D. G., 113 
Humm-Wadsworth Temperament 
Seale, 113-119 
Hunt, H. C., 112 
Hurlock, E. B., 327 
Hurt, J., 85 
Hutcheon, N. B., 52, 57, 75, 121 
Hysteroid component, defined, 114 


Illuminating Engineering Society, 
170 
Illumination, fatigue and, 220 
Impulsiveness, and accidents, 297 
Incentive: . 
financial, 314, 327 
and fatigue, 228 
in industry, 212 
nonfinancial, and fatigue, 229 
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Incentive (Cont.) : 


wage incentive plan, 327 
wage payment plan, 212 


Individual differences: 
bases of, 18 
causes of, 18 
effect of training on, 15 
in job qualifications, 8 
in productivity : 
defined, 8 
figure showing, 4 
im vision, 13 
magnitude of, 4-15 
merit ratings, 14 
recognition of, 2-3 
Individual testing, 36, 37 
Individual tests: 
how given, 22 
mechanical comprehension, 67-70 
Industrial diseases, 170 
Industrial engineer, 194 


Industrial engineering department, 
co-operation with job trainer, 
194 


Industrial fatigue (see also Fa- 
tigue) : ° 
attitude and, 229 
defined, 219 
factors related to, 220 
financial incentive and, 22 
hours of work, 224 
mental] abilities and, 229 
morale and, 229 
noise and, 223 
nonfinancial incentives, 229 
nourishment and, 224 
personality traits and, 229 
rest pauses, 225 
temperature and, 222 
ventilation and, 299 
visual adaptability to- job, 224 
work methods and, 227 
Industrial mathematics: 
technical information, 106 
test, 106 
Industrial merit rating (see Merit 
rating) 
Industrial psychologist : 
funetion of, 20 
interests, in predicting, 36 
position, in employee testing, 30 
Industrial relations department, 
training division of, 198 
Industrial training (see Training of 
employees) 


Industry, relation between school 
and, 207 
Injury, immediate attention to, 312 
In-service training: 
measurement of effectiveness, 192 
merit rating and, 238 
Inspection: 
department, 199, 263 
how accomplished, 262 
tin plate, 262 
vision required for, 137 
Inspectors: 
accuracy of, 277 
conferences, 277 
measuring accuracy of, 263 
motion pictures of, 273 
selection of, 92, 102 
tests for placement of, determi 
nation, 269 
training, 275 
vision tests for, 272 
Instrumental tests, defined, 23 
Insulation machine operators, selec- 
tion of, 88 
Intelligence tests (see Mental abil- 
ity tests) 
Interest tests: 
Cardall Primary’ Business Inter- 
est Test, 122 
Ikuder Preference Record, 121 
limitations of, 120 
Strong Vocational Interest Blank, 
120, 121 
value of, 120 
I.Q., in industrial testing, 50 
Tyy, A. -C.,°228 


J 


Jackson, J. J., 214 
Job: 
effect on morale, 322 
experience, visual changes with, 
147, 152 
miniature of, 28, 99 
motion Looe angheis of, 273 
performance: 
dexterity test scores related to, 
92 
ocular service and, 144 
of inspectors, comparison of, 
273 
proficiency, vision and, 136 
psychological analysis of, 273 
qualifications, individual  differ- 
ences in, 8 
sample (see Job sample) 


Job (Cont.) :. 
trainer (see Job trainer) 
training (see Training of em- 
ployees) 
what men want from, 314 
Job Instruction: A Manual for 
Shop Supervisors and Instruc- 
tors, 195 
Job sample: 
use, in constructing achievement 
test, 99 
in clerical work, 103 
Job trainer: 
analysis of learning plateau by, 
210 
and industrial engineering de- 
partment, 194 ‘ 
functions of, 193 
qualifications of, 197 
responsibilities, 197 
sources of information of, 194 
Johnson, H. M., 42 
Josey, C. C., 50 
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Kellogg, C. E., 51 

Kennedy, P. H., 224 

Keystone View Company, 129 
Keystone Visual Safety Tests, 129 
Kitson, H. D., 213, 228 

Knight, F. B., 50, 210 

Kohn H. A., 251 

Kolstad, A., 324 

Konig, A., 221 

Kuder Preference Record, 121 
Kuhn, Hedwig S8., 133, 152, 163, 174 


C 


Labor, part in determining man- 
agerial policies, 112 
Labor turnover, how reduced, 2 
Langdon, J. N., 230, 316 
Layeock, 8. R., 52, 57, 75, 121 
Layoffs and personality traits, 112 
Learning: 
characteristics of, 207 
curve, 207 
interpretation of, 208 
value of, 208 
plateau: 
defined, 209 
“example, 209 
Lee. C. A., 213, 229 
Lesser, S. K., 140 
Letter chart, Snellen, 125 
- Lipmann, O., 294 
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Literary interest, test, 121 

Locke, H. W., 328 

Lockheed Aircraft Corporation, test- 
ing at, 116 

Looping hosiery (see Hosiery loop- 
ing) 

Luckiesh, M., 153 


M 


McBee Keysort System, 166 
Machine operators, selecting, 74 
Machine shop, technical information 
in, test, 104 
McComb, H. G., 8, 10, 104, 105 
McGregor, D., 314, 317 
MeMurry, R. N., 54, 324 
MacQuarrie, T. W., 83 
MacQuarrie Test for Mechanical 
Ability, 67, 83 
Magnifiers, as optical aids, 160 
Management: 
employee training, branch of, 198 
scientific, effects of, 198 
Manager, employment, 60 
Manic cycloid component, 114 
Manic-depressive psychosis, 298 
Manipulative tests (see Dexterity 
tests) 
Mapel, E. B., 191 
Marbe, K., 283 
Mathematics, industrial, test, 106 
Mean, arithmetic: 
defined, 338 
deviation, 343 
when to use, 342 
Measurement: 
attitudes, 318 
interest (see Interest tests) 
morale, 318 
training, 186 
variability of data, 343 
visual : 
for compensation, 125 
for employment, 129 
Mechanical ability tests (see Me- 
chanical comprehension tests) 
Mechanical comprehension tests: 
choosing a test, 75 
comparison of tests, 70-72 
differences among, 76 ° 
factors in, 70 
group: 
Bennett Test of Mechanical 
Comprehension, 61 
Detroit Mechanical Aptitudes 
Examination, 62 
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Mechanical comprehension _ tests, 
group (Cont.): 
MacQuarrie Test for Mechani- 
cal Ability, 67 
Minnesota Paper Form Board 
Test, revised, 66 
O’Rourke Mechanical Aptitude 
Test, 66 
Stenquist Mechanical Aptitude 
Test, 64 
individual: 
Cox Mechanical Models Test, 67 
Minnesota Mechanical Assem- 
bly Test, 68 
O’Connor Wiggly Block Test, 


69 
Purdue Mechanical Assembly 
Test; ° 70 


use in selecting: 
machine operators, 74 
pressmen, 73 
Median: 
defined, 340 
when to use, 342 
Men, attitudes toward company, 328 
Mental ability, and accidents, 302 
Mental ability tests: 
_ choice of, 52 
differentiated from dexterity 
tests, 77 
functions of, 61 
in clerical selection, 53 
in selecting for various jobs, 56 
Minnesota Clerical Test, 56 
Moss Social Intelligence Test, 56 
Ohio State Psychological Test, 56 
Otis Self-Administering Tests, 10, 
23, 49, 56 
Psychological Examination of the 
American Council on Educa- 
tion, 52 
recommendations concerning, 58 
Relief Attitude Scale, 56 
Revised Beta Examination, 51 
Thurstone Personality Test, 56 
which did not “come through,” 57 
Wonderlic Personnel Test, 51 
Mental Measurements Yearbook, 
The, 52 
Merit rating: 
age of employee, 258 
and job qualification, 14 
charts, 233, 235 
composition of, 245 
weighting of items on, 245 
dangers of, 238 
defined, 14, 231 


Merit rating (Cont.) :. 
demotion, basis for, 237 
departmental differences, 255 
dual system, 250 
_ factors affecting, 259 
forms, content of, 232 
grievances prevented by, 236 
growth of, 231 
halo effect, 288 (see also Halo 
effect) 
industries using, 14 
in-service training and, 238 
job differences, 256 
job performance improved by, 236 
length of service and, 259 
numerical values, 254 
over-all, distribution of, 15 
pooling ratings, 250 
promotion, basis for, 237 
reliability of, 251 
supervisors and, 237 
total service and, 260 
traits, weighting of, 245 
transfer, basis for, 237 
values of, 234 
Merrill, E. B., 150 
Metropolitan Life Insurance Com- 
pany, visual report of, 177 
Microscopes, as optical aids, 160 
Miles, G. H., 213, 224, 229 
Miniature of job: 
defined, 28 
use in constructing achievement 
test, 99 
Miniature punch press, 100 
Minnesota Clerical Test, 56 
Minnesota Mechanical Ability Tests, 
94 
Minnesota Mechanical Assembly 
Test, 68 
Minnesota Paper Form Board, 57 
Minnesota Paper Form Board Test: 
revised, 66 , 
serviceability of, 72, 73, 74 
Minnesota Vocational Test for Cler- 
ical Workers, 94 
Mitchell, J. H., 278 
Mode: 
defined, 341 
when to use, 342 
Monro, M. 8., 57 
Morale (see also Attitudes) : 
affected by: 
job, 322 
praise, 326 
rank, 322 


Morale, affected by (Cont.) : 
salary reviews, 326 
success, 323 
supervision, 324 
working conditions, 325 
difficulty in determining, 318 
factors in determining, 313 
fatigue and, 229 
measurement, 318 
Morton, N. W., 51 
Moss, F. K., 153 
Moss Social Intelligence Test, 56 
Motion economy, 227 
Motion pictures of inspectors, 273 
Motion study, 194, 273 
Motivation for training, 212 
Murphy, J. F., 325 
Muscio, B., 71 
Muscular and perceptual speed, ac- 
cident proneness and, 305 
Muscular co-ordination tests, 86 
Musical interest, test, 121 
Musser, Wayne, 247 
Myers, C. S., 224 


N 


National Bureau of Standards, 170 

National Industrial Conference 
Board, 231 

Negro men, visual acuity of, 156 

Nervousness, and accident prone- 
ness, 297 

Neurotic tendencies, relation to ac- 
complishment, 112 

Noise and fatigue, 223 

Normal component, defined, 113 

Normal distribution, 337 

Norvell, L., 210 ) 

Nourishment and fatigue, 224 


oO 


Occupational eyewear: 
maintenance, 175 
types of, 160 
use of, 160 
O’Connor, Johnson, 11, 69 
O’Connor Finger Dexterity Test, 
11-12, 44, 78, 91, 94 
O’Connor Tweezer Dexterity Test, 
94 
O’Connor Wiggly Block Test, 69 
Ocular service, 144 
“Odds vs. evens” method, for deter- 
mining reliability of test, 32 
Ohio State Psychological Test, 56 
Optical aids, 160 
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Optical filters, 160 
Oral trade questions: 
factors affecting validity, 98, 99 
validation of, 96 
O’Rourke, L. J., 66 
O’Rourke Mechanical Aptitude Test, 
66 
illustration from, 65 
serviceability of, 72 
Ortho-Rater, 133, 134, 167 
Osborne, E. E., 290 
Otis, Arthur 8., 10, 49 
Otis, J. L., 74, 93 
Otis Self Administering Test of 
Mental Ability, 10, 23, 49, 55, 
57, 59 


P 


Packagers, selection of, 102 
Panlasigui, I., 210 
Paper-and-pencil tests: 

achievement, 104 

defined, 23 
Paranoid schizoid component, 114 
Paterson, D. G., 68, 94, 207 
Pauses for rest, 225 
Pay (see Wage payment) 
Pegboard, finger-dexterity, 11, 15 . 
Percentile score, meaning of, 50 
Pereceptyal and muscular speed, ac- 

cident proneness and, 305 

Perrin, F. A. C., 71 
Personality tests: 

Downey Will-Temperament Scale, 

112 
Humm-Wadsworth Temperament 
Scale, 113-119 

Thurstone Personality Test, 56 
Personality traits: 

importance of, 111 

responsible for layoffs, 112 
Personnel : 

department, 198 

manager, job trainer, 194 

procedures, 20 

visual maintenance of, 166 

Wonderlic Personnel Test, 23, 51 
Persuasive interest, test, 121 
Peters, C, C., 337 
Peterson,.J., 17 
Phorias, defined, 132 
Physical causes of accidents, 280 
Physiological fatigue, 217 
Placards, safety, 309 
Placement: 

as function of testing, 21 
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Placement (Cont.) : 
of inspectors, tests for, 269, 272 
visual measurement for, 151 
Plateau period in learning, 197 
Polariscopes, 160 
Pond, Millicent, 2, 54, 58 
Poppelreuter, W., 94 
Poppelreuter Tests, 94 
Posters, safety, 309 
Praise, effect on morale, 326 
Pressmen, selecting, 73 
Price, D. H.,/106 
Productivity : 
and experience, 16 
and safety, study, 292 
consistency of differences in, 6 
differences in, 195 
individual differences in, 4 
Product-moment coefficient, 353 
Promotion: 
merit rating and, 237 
use of tests in, 109 
Psychological analysis of job, 273 
Psychological causes of accidents, 
280 
Psychological Examination, of the 
American Council on Educa- 
tion, 52 
Psychological fatigue, 218 
Psychological methods of testing, 
22 
Psychological tests, 31, 300, 307 
Psychologist, industrial (see Indus- 
trial psychologist) 
Publishers of tests, 369 
Punch press, miniature, 100 
Punch press operators, 88, 101 
Punishments, in job training, 213 
Purdue Achievement Tests, 23 
Purdue Grooved Pegboard Dexter- 
ity Test, 45 
Purdue Hand Precision Test, 43, 44, 
81, 269 
Purdue Mechanical Assembly Test, 
70, 74 
Purdue Vocational Series, 8 
Purdue Vocational Tests, 104 
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Qualifications for job: 
individual differences in, 8 
merit ratings, indications of, 14 
tests, 8-15 
visual differences, 13 


R 


Radio assemblers, selection of, 87 
Rand, G., 128 
Rank, effect on employees’ atti- 
tudes, 322 
Rank-order correlation, 352 
Raphael, W. S., 57 
Rating, merit (see Merit rating) 
Ratio, selection, in testing, 34 
Reading glasses, effect on job per- 
formance, 145 
Reliability of test: 
defined, 30 
how expressed, 31 
methods of determining, 32 
questions concerning, 32 
Relief Attitude Scale, 56 


, Remmers, H. H., 69, 329 


Repetitive work, boredom, 230, 316 

Resnick, L., 142, 171 

Rest pauses, 225 

Results, knowledge of, 210 

Revised Beta Examination, 51 

Rewards, in job training, 213 

Reymert, M. L., 251 

Rhinehart, J. B., 52 

Rogers, H, B., 262 

Rollers, in sheet and tin mill, train- 
ing of, 189 

Russell, J. T., 34, 41, 363 


S 


Safety: 
and production, study, 292 
conferences, 309 
consciousness, building up, 308 
director, 297 
expert, compared to job trainer, 

194 
goggles, 310 
increased production, effect on, 
292 

physical equipment for, 309 
posters and placards, 309 
program, 297 

Safety-goggle program, 310 

Salary reviews, effect on morale, 

326 

Sales Checking Test, 55 

Scheidt, V. P., 223 

Schell, J. W., 69 

Schmitt, E., 294 

Schools, use of achievement tests 

by, 110 
School work, incentives, 327 


Schrosbree, G., 297 

Schultz, R. S., 329 

Scientific interest, test, 121 

Scientific management, effects of, 

198 

Seore percentile, 50 

Screening tests visual, 129, 130 

Seashore, R. H., 71, 195, 241 

Selection, as function of testing, 21 

Selection tests (see also Tests) : 
achievement (see Achievement 

tests) 

battery of, 42-47 
dexterity (see Dexterity tests) 
functional value of, 30 
manipulative (see Dexterity tests) 
mechanical comprehension (see 


Mechanical comprehension 
tests) 

mental ability (see Mental ability 
tests) 


satisfactory employees and, 38 
selection ration, 34 
uses made of, 32 
written, for apprentices, 107 
Selectograph, 166 
Sewing machine operators, sclection 
of, 94 
Shartle, C. L., 74, 96, 120 
Sheddan, B. R., 56 
Shellow, 8S. M., 54 
Shepard, J. L., 326 
Slocombe, C. 8. 236, 283 
Smith, P., 93 
Smith-Hughes Act, 206 
Snell, Albert C., 127, 130, 152 
Snellen letter chart, 125, 128 
Snellen test, 129 
Social intelligence test, 56 
Social service interest, test 121 
Society for the Prevention of Blind- 
ness, 130 
Spectacles, effect on job perform- 
ance, 145 
Speed and accuracy, relation be- 
tween, 101, 268 
Spread of data (see Variability of 
data) 
Standard deviation: 
defined, 345 
uses of, 345, 347 
Starling, E. H., 218 
Starr, R. B., 14, 231, 233 
Statistical procedures, elementary, 
333 
Statistician, duty in employee test- 


ing, 29 
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stead, W. HH... 96 
Stenographie tests, 105 
Stenquist, J. L., 64, 71 
Stenquist Mechanical Aptitude Test, 
64, 72 
Stereopsis: 
defined, 132 
test level, 134 
Sterling, Scott, 127 
Stevason, C. C., 8, 104 
Stevens, A. F’., Jr., 296 
Stevens, 8. N., 55, 239 
Stock, F. G. L., 223, 230, 316 
Strong, E. K., Jr., 120 : 
Strong Vocational Interest Blank, 
120, 121 
Students, selection for vocational 
training, 75 
Success, effect on employees’ atti- 
tudes, 323 
Super, D. E., 325 
Supervision, effect on morale, 324 
Supervisor: 
co-operation with job trainer, 194 - 
duties of, 199 
knowledge of company policy, 
test, 202 
merit rating and, 257 
selection of, 325 
training of, 198, 325 
understanding of emotional cy- 
cles, 299 
Supervisory training: 
conferences, 191 
program, 200 
topies for discussion 201 
instructional period, 204 
Survey: 
attitude, 326, 329 
visual, 172, 181 
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Taylor, ,As i, 221 

Taylor, H. C., 34, 41, 251, 363 

Taylor, H. R. 186 

Taylor-Russell tables, 41, 363-367 

Technical Information in Electric- 
ity, test, 105 : 

Technical Information in Industrial 
Mathematics, test, 106 

Technical Information in Machine 
Shop Test, 8, 104 

Technological change, effect on 
training, 109 

Temperament: 

aspects of, 113 
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Temperament (Cont.): 
Humm-Wadsworth 
Seale, 113 
measurement, evaluation of, 118 

Temperature and fatigue, 222 
Test administrator, training of, 47 
Testing: 
division, co-operation with 
prentice program, 205 
employees (see Employee testing) 
Testmg the tests: 
experimental approach, 25 
“follow-up” method, 28 
on new employees, 28 
on present employees, 25 
Tests (see also Selection tests) : 
achievement (see Achievement 
tests) 
apprentice selection, 93 
battery (see Battery of tests) 
dexterity (see Dexterity tests) 
emotional maturity, 300 
for placement of inspectors, 269 
Frederick Test for Emotional Ma- 
turity, 300 
industrial placement, 
pressed, 31 
instrumental, 23 
intelligence (see Mental ability 
tests) 
interest (see Interest tests) 


Temperament 


ap- 


how ex- 


manipulative (see Manipulative 
tests) 

mechanical comprehension (see 
Mechanical comprehension 
tests) 

mental ability (see Mental ability 
tests) 


muscular co-ordination, 86 
personality (see Personality 
tests ) 
psychological: 
for accident proneness, 307 
validity, how expressed, 3: 
publishers of, 369 
“screening,” visual, 129 
selection: 
functional value of, 30 
reliability of, 30-34 
validity of, 30-34 
stenographic, 103 
testing (see Testing the tests) 
types, 22 
typewriting, 103 
visual : 
employees’ attitudes, 182 
periodic retests, 171 


i 


INDEX 


Tests (Cont.) : 
written, 104 
Textile workers, training of, 186 
Thorndike, E, L., 214, 215, 216, 238 
Thurstone, Lis 5-02; 112,121, 7318 
Thurstone, Thelma Gwinn, 52, 112 
Thurstone Examination in Typing, 
103 . 
Thurstone Personality Schedule, 112 
Thurstone Personality Test, 56 
Tiffin, Joseph, 2, 10, 11, 50, 58, 87, 
101, 104, 105, 106, 241, 262 
Tilton, J. W., 216 
Tindall, G. M., 326 
Toops, H, A., 68, 94 . 
Tradesmen, skilled, 
training of, 205 
Training division, industrial rela- 
tions department, 198 
Training of employees: 
apprentice training, 204 (see also 
Apprentice training) 
as branch of educational psychol- 
ogy, 207 
as branch of management, 198 
college graduates, 206 
comparison of methods, 185 
conferences, supervisory 
ing, 191 
correspondence courses, 207 
for safety, 308 
inspectors, 275 
measurement of training: 
company policy, 190 
in-service, 192 
machine operation, 186 
supervisory training 
ences, 191 
technical information, 190 
method of measuring, 204 
methods, 210 
motivation for, 212 
negative transfer, 216 
of new employees, 195 
of present employees, 193 
plateau in learning, 197 
productivity differences 
195 
program, 197 
rewards and punishments, 
specific, 214 
supervisor y training (see Super- 
visory training) 
through knowledge of results, 210 
transfer of training, 214 
types of training, 193 


apprentice 


train- 


confer- 


due to, 


213 


Traits: 
intercorrelation, in 12-item merit- 
rating scale, 241 
weighting of, 245 
Transfer of employees: 
merit rating and, 237 
use of tests in, 108 
Transfer of training, 214 
Trauma, 170 
Troland, L. T., 221 
True-false, oral trade questions, 99 
Turnover, labor (see Labor turn- 
over ) 
Tuttle, A. D., 178 
Typewriting tests, 103 


U 


Uhrbrock, R. 8., 321, 322 
United Air Lines Eye Clinic, 178 


Y 


Validity of test: 
defined, 30 
industrial placement, how  ex- 
pressed, 31 
psychological, how expressed, 31 
questions concerning, 32 
Van Voorhis, W. R., 337 
Variability of data: 
average deviation, 343 
correlation, 350 
mean deviation, 343 
measures of, 343 
standard deviation, 344, 347 
Ventilation and fatigue, 222 
Vernon, H. M., 220, 222, 225, 290 
Vision in industry: 
accidents and, 142 
American Medical Association no- 
tation, 127 3 
Bausch and Lomb Visual Classi- 
fication and Placement Tests, 
133 
changes: 
with age, 147 
with job experience, 152 
classification, visual, 164-166 
color, and age, 151 
criteria, establishing, 157 
differences in, 13 
employee education in, 182 
employees’ attitudes toward tests, 
182 
for inspection, 137 
for looping hosiery, 139 


385 


Vision in industry (Cont.): 
hazards, visual, 170 \ 
in clerical work, 139 
individual differences in, 134 
in miscellaneous jobs, 141 
job differences in, 154 
job requirements, 154 
keenness of (see Visual acuity) 
Keystone Visual Safety Tests, 
129 
maintenance of personnel, 166 
measurement, 124 
for compensation purposes, 125 
for employment, 129 
for placement, 131 
occupational eyewear, 160 
ocular service, 144 — 
on fine assembly work, 136 
optical aids, 160 
periodical checking, value of, 171 
professional services for, 178 
program (see Visual program) 
relation to job performance, 124 
relation to job proficiency, 136 
reporting test scores, 181 
screening tests, 129, 130 
simplification of operations, 158 
Snellen letter chart, 125 
survey, visual, 172 
testing, place of, 157 
Visual acuity: 
at appropriate distances, 131 
defined, 131 
differences in, 135 
distance, and age, 148 
distribution, in steel mill, 13 
fatigue and, 221 
measurement scale, 129 
near, and age, 149 
Visual adaptability to job, 221 
Visual hazards in industry, 170 
Visual profile score, 166 
Visual program: 
departmental relations in, 177 
industrial relations in, 176 
notification to employees, 180-181 
objectives of, 176 
professional relations in, 178 
Viteles, Morris §., 17, 71, 226, 283 
Vocational achievement, measure- 
ment of, 110 
Vocational education, 206 
Vocational training, 75 


WwW 
Wadsworth, G. W., 56, 113 
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Wage incentive plan, 327 
Wage payment: 
plan, 212, 228 
relative importance to employee, 
314 
Warner, C. G., 222 
Watch making, finger dexterity in, 
85 
Weighting of traits, 245 
Wells, David, 134 
Western Electric Company, 57, 75, 
77, 39 
Manual on Job Instruction, 195 
merit-rating plan of, 244 
Weston, H. C., 160, 221 
Wetzel, M., 221 
Willoughby, R. R., 113 
Witmer, L. R., 56 
Women: 
attitudes toward company, 32 
distance acuity test, 156 
Wonderlic, E. F., 51, 55, 239 
Wonderlic Personnel Test, 23, 51 
Woods, H. M., 283 


Woodworth, BR. §8., 215 
Woodyard, E., 216 
Workers, clerical, intelligence of, 2 
Working conditions: 
and accident proneness, 285 
effect on morale, 325 
Work methods, and fatigue, 227 
Worry, and accident proneness, 297 
Wright, H. A., 302 
Written tests, 104, 107-110 
Wyatt, S., 223, 230, 316 


Y 


Yagloglou, C. P., 222 
Years of service and accident rates, 


294: 
zZ 
Zeigler Rate of Manipulation Test, 
269, 271 
Z-score : 


defined, 347 
uses of, 347 
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